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During the regression of the Murphy- 
Sturm lymphosarcoma in the rat, a sporadic 
polyarthritis was found to be due to myco- 
plasma or pleuropneumonia-like organisms 
(PPLO)(1). These filterable microorgan- 
isms were isolated from the intact and nec- 
rotic tumor tissue as well as the joint lesions. 
Polyarthritis followed intravenous injection 
of the Mycoplasma in suitable rats. Tetra- 
cycline therapy rendered the lymphosarcoma 
free of PPLO and the sporadic polyarthritis 
no longer occurred. Jasmin(2) produced PP- 
LO polyarthritis in rats with exudate from 
air pouches containing the Murphy-Sturm 
lymphosarcoma and demonstrated PPLO in 
other tumors(3). PPLO have been found in 


* Presented in part at meeting of Am. Soc. Exp. 
Biol. and Med., Chicago, April, 1960. 
+ Supported by grant-in-aid from N.C.I., N.I.H. 


various cell cultures im vitvo(4,5). Because 
of the variable pathogenic effects of PPLO 
in tissues and cell cultures, it became import- 
ant to evaluate the role of these microorgan- 
isms in regression of the Murphy-Sturm lym- 
phosarcoma. The present study concerns the 
experimental infection of the tumor, effects 
of PPLO upon growth rate of the tumor and 
upon induced and spontaneous regression of 
the tumor. 


Materials and methods. A PPLO-infected 
tumor was obtained by intravenous injection 
of PPLO into a rat bearing a PPLO-free 
Murphy-Sturm lymphosarcoma. The inject- 
ed PPLO had been isolated recently from an 
arthritic lesion and grown in Difco PPLO 
broth. PPLO were cultured regularly from 
the subsequent transplants of the infected 
tumor in young, male Holtzman rats, each 
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weighing 100 to 120 g at time of tumor trans- 
fer. Polyarthritis did not occur during the 
growth of tumor. The tumor infected with 
PPLO and the tumor free of PPLO were 
transplanted by subcutaneous injection of 
lymphosarcoma cells as previously described 
(6). After the appearance of the tumors 
mean diameter was recorded daily and the 
weight derived from a plot of known diameter 
to mass. 


In some groups of rats, cells from a PPLO- 
infected tumor were injected in one lumbar 
area and cells from a non-infected tumor in 
the opposite side. Rats with these double 
tumors were observed for “spontaneous” re- 
gression and for regression produced by K. 
pneumoniae polysaccharide(6). Both of the 
double tumors were cultured for PPLO. Lo- 
calization of PPLO in single uninfected tu- 
mors was demonstrated by intravenous injec- 
tion of recently isolated microorganisms into 
rats before, during and after subcutaneous 
transplant of tumor cells. About 12 days 
after tumor transplant, when the tumor had 
attained mean diameters of 50 to 60 mm, 
the rats were killed and tumor tissue cul- 
tured on PPLO-agar plates(1). PPLO col- 
onies were detected by placing a stained cov- 
er slip upon an agar block(7). Groups of 20 
or more rats with single tumors were ob- 
served for spontaneous regression of the tu- 
mor and for induction of regression by injec- 
tion of polysaccharide from K. pneumoniae. 
To detect any increased susceptibility of the 
infected tumor, a relatively non-toxic bac- 
terial polysaccharide was prepared by repeat- 
ed alkaline extraction(8). In some groups, 
cortisol in an aqueous vehicle, 1 mg/100 ¢ 
body weight was injected subcutaneously be- 
ginning the day of the first of 4 polysaccha- 
ride injections and continuing for 6 days 
thereafter. Sterile, uninoculated PPLO broth, 
0.5 ml/100 g body weight, was injected into 
other groups of rats with PPLO-free or PP- 
LO-infected tumors. 


Results. The presence of PPLO in the tu- 
mor transplant did not alter the subsequent 
growth rate of the tumor (Fig. 1), increased 
the low incidence of spontaneous regression 
and doubled the regression induced by. the 
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bacterial polysaccharide (Table 1). Even in- 
travenous injection of uninoculated broth 
and presence of established PPLO polyarthri- 
tis increased the regression of the PPLO- 
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(2) DAY AFTER APPEARANCE OF TUMOR 

FIG, 1. Growth in representative rats of PPLO- 
infected (@) and PPLO-free (QO) lymphosarcomas 
beginning at time of tumor appearance, 6 to 7 days 
after transplant. ‘ 

FIG. 2. Similar growth rate of 2 lymphosar- 
comas, PPLO-infected (@), and a PPLO-free (On; 
in the same rat; combined avg wt of both tumors, 
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TABLE I. Effect of PPLO in Transplanted Lymphosareoma upon Spontaneous and Indueed 
Regression. 
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Polysaccharide 


3 
—- (21.4%) 
14 


Untreated Established 
Tumor controls polyarthritis* Sterile brotht 
PPLO-free ae (3.3% ) eS (12.5%) = ( 5.3%) 
193 16 ; 19 
PPLO-infected ae (5.5%) = (44.4%) ee (35.0%) 
182 18 20 


8 
me (A715) 
17 


* Virulent PPLO inj. 11 days before tumor transplant. 


t On 5th day after tumor transplant. 


¢ 8th through 11th days after tumor transplant. 


infected but not of the PPLO-free tumors 
(Table I). 

When injected intravenously 3 days prior 
to tumor transplant, PPLO did not appear 
subsequently in the tumor (Table II). When 
PPLO were injected on day of tumor trans- 
plant, 40% of the tumors contained PPLO. 
All tumors examined contained PPLO when 
animals were injected on the 5th and 8th 
day after tumor transplant. Although the 
groups were small, the presence of PPLO in 
the tumor was associated with increased spon- 
taneous regression. When PPLO were in- 
jected on the 8th day, the rapidly growing 
tumor (Fig. 1) led to death within the next 
few days before regression would be expected 
to occur. 

In rats bearing both PPLO-infected and 
PPLO-free tumors, PPLO were recovered 
from the originally uninfected tumor after 
the tumor had attained large size (Table 
IIJ). While growth rate of each of the double 
tumors was slower than that of the single tu- 
mor (Fig. 1, 2), the combined mass of the 
double tumors had a growth rate exceeding 
TABLE II. Polyarthritis, PPLO in Tumor and 


Tumor Regression in Rats Injected Intrayenously 
with PPLO before, during, and after Tumor Trans- 


plant. 
Day of PPLO inj.* 

-3 0 +5 +8 

, 1 il 3 0 

Tumor regression i0 ii iG ra 
10 15 13 3 

Polyarthritis a oF a fe 
0 5 17 10 


PPLO in tumort F 1B 17 10 


* Tumor transplant, day 0. 
+ Tumor eultured at day 14. 


that of the single tumors (Fig. 2). Both of 
the double tumors underwent regression si- 
multaneously. Cortiso] prevented the tumor 
regression produced by the bacterial poly- 
saccharide (Table IV). 


Several interesting aspects of PPLO 
growth were observed. Agar block prepara- 
tions of PPLO-infected tumors disclosed sev- 
eral forms of PPLO growth, typical colonies, 
small colonies, ‘““Tiny” colonies(9). Some tu- 
mor cells appeared to survive 5 to 7 days 
upon the special agar media. From the cyto- 
plasmic zone of the ghost-like outlines of non- 


TABLE III. Transmission of PPLO from In- 
fected to Originally Non-infected Lymphosarecoma 
in the Same Rat. 


Day after transplant 


Tumor at transplant 6 to 8 12 to 13 
meee 0 8 
PPO free — — 

if 8 

: 7 als 
PPLO-infected = = 
7 8 


* All tumors contained PPLO but clonal organ- 
isms died in a few days in all agar plate cultures 
except one, 


viable cells, deeply azurophilic elements arose 
and penetrated the agar. These structures, 
superficially resembling the blue-stained PP- 
LO, never attained large size and occurred 
only following the placement upon agar me- 
dia of originally intact tissue or tumor cells 
either with or without PPLO infection. PP- 
LO colonies usually arose from extracellular 
sites. In the double tumor experiment, PPLO 
recovered from the originally PPLO infected 
tumor grew a few days in clonal form then 
died, whereas PPLO from the originally un- 


676 


MycopiasMA (PPLO) AND LyMPHOSARCOMA 


TABLE IV. Regression of 2 Lymphosarcomas (Infected and Non-infected) with PPLO in the 


Same Rat. 
ee ————— ————_ 


Untreated Polysaecharidet 

controls Sterile broth* Polysaccharidet plus cortisol ~ 
3 1 0 8 oO 
Regression i ah i 5 
3 3 0 
Polyarthritis a 7 5 rf 


* On 11th post-transplant day. 


infected tumor continued to grow on _ the 
agar plates. 

Comment. In the present study PPLO 
transmitted with the Murphy-Sturm lympho- 
sarcoma during transplantation, only slightly 
affected spontaneous regression of the tumor. 
However, tumors containing PPLO were 
more susceptible to regression upon intrave- 
nous injection of bacterial polysaccharide, 
sterile broth or presence of polyarthritis due 
to PPLO. The 2 injected materials and the 
polyarthritis could act through the same 
mechanism or mechanisms in producing tu- 
mor necrosis, with presence of PPLO in the 
tumor increasing its susceptibility to the sub- 
stances mediating the necrosis. These obser- 
vations do not afford evidence for or against 
several possible mechanisms of tumor necro- 
sis such as non-specific activation of cytotox- 
ins, stimulation of available iso-antibodies 
through release of materials from the tumor, 
or interference with critical metabolic re- 
quirements of the tumor. The presence of 
PPLO did not produce significant histologic 
or cytologic changes in the lymphosarcoma, 
although, grossly, such tumors showed more 
surrounding edema and hyperemia. These 
minor changes in tumor were in marked con- 
trast to the severe chronic suppurative poly- 
arthritis produced by PPLO isolated from the 
tumor and injected into normal rats. 

In evaluating the role of PPLO upon the 
tumor several important aspects concerning 
PPLO were not resolved: a) the number in 
tumor tissue, b) intra- or extracellular loca- 
tion, c) virulence, d) modification of host 
“resistance” by large, rapidly growing  tu- 
mor, and e) anti-PPLO antibody reactions. 
The turbidity method of counting this par- 
ticular PPLO was unsatisfactory; broth cul- 


+ Beginning 11th post-transplant day. 


tures were often non-turbid but contained the 
most virulent PPLO as well as numerous 
PPLO as estimated by placing centrifuged 
sediment of broth culture upon agar, staining 
and observing as 2000 magnification. Plate 
counts were considered inaccurate because of 


the occasional diffuse spread of organisms | 


and variations in clonal morphology. In un- 
published studies we have interconverted 
virulent and non-virulent PPLO in vitro. 
Upon addition of sterile tumor extract or 
other materials non-virulent PPLO produce 
polyarthritis upon intravenous injection in 
normal rats. Similarly, when non-virulent 
PPLO were injected into tumor-bearing rats, 
pathogenic PPLO were recovered from the 
tumor. These as well as Jasmin’s observa- 
tions(2) indicate that the Murphy-Sturm 
lymphosarcoma was an excellent environment 
for growth of pathogenic PPLO. In the pres- 
ent study polyarthritis was readily produced 
either in normal rats or rats with growing tu- 
mor by special cultural enrichment or by 
maintaining the PPLO in tumor tissue. In 
other studies, using PPLO of varying viru- 
lence, we have confirmed that rats with 
growing lymphosarcoma were most resistant 
to PPLO polyarthritis(2,10) while rats with 
necrotic or regressing tumors were the most 
susceptible(1). The failure of PPLO to ap- 
pear in tumor transplanted three days after 
intravenous injection of PPLO may be ex- 
plained by the rapid death of PPLO in ani- 
mal tissues other than synovial structures. 
The transmission of PPLO from an infected 
to an originally uninfected tumor in the same 
animal (Table III) was in contrast to the 
lack of tumor infection with prior PPLO 
polyarthritis (Table II). Thus, on one hand, 
PPLO established in either intact tumor or 
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joint did not appear in the other tissue site, 
while, on the other hand, PPLO in one tumor 
were transmitted to another tumor. Further- 
more, the varied time of appearance of sepa- 
rate arthritic lesions suggest non-contiguous 
dissemination from one joint to another. To 
the uncertain roles of local suppuration and 
of the anti-PPLO antibodies in transmission 
of PPLO in the above circumstances, one 
may add the role of tumor tissue per se—a 
remarkable milieu in which anigen-antibody 
and inflammatory responses, quite unlike 
those in other tissues, would not be unex- 
pected. 


Summary. Mycoplasma (PPLO)  trans- 
mitted with the Murphy-Sturm lymphosar- 
coma at time of transplant, a) did not modi- 
fy tumor growth, b) mildly increased the 
low incidence of spontaneous regression of 
the tumor and, c) increased the regression 
due to bacterial polysaccharide and to estab- 
lished PPLO polyarthritis. Following their 
intravenous injection, PPLO were readily 
cultured from tumor tissue. When injected 
prior to transplant of tumor cells, persistent 
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polyarthritis developed but PPLO did not ap- 
pear in the subsequent tumor. However, 
when 2 tumors, one infected and one free of 
PPLO, were transplanted to the same rat, 
PPLO appeared in the original PPLO-free 
tumor after moderate tumor size was at- 
tained. Agar plate cultures of PPLO indi- 
cated several colony sizes and an occasional 
diffuse surface spread. 
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During recent years, the cheek pouch of 
the Syrian hamster has become an increas- 
ingly popular site for transplantation of fetal 
(1,2), malignant(3,4,5,6), and normal adult 
(7) tissues. Toolan(8) has observed in- 
creased growth potentialities of normal he- 
terologous tissues implanted into the cheek 
pouch of the cortisonized hamster. Lemon, 
et al.(3) have reported the persistence of 
some normal human tissues in the cheek 
pouch of untreated hamsters but have failed 
to observe definite evidence of growth. It 


* Supported in part by U.S.P.HLS. grants. 
+ Present address: Mount Sinai Hospital, New 
York. 


appeared desirable to evaluate carefully the 
cheek pouch as a site for grafted tissues and 
to compare the behavior of normal autolo- 
gous, homologous, and heterologous grafts in 
both cortisonized and unconditioned hosts. 


Methods. Male young adult Syrian ham- 
sters, from a non-inbred colony, weighing be- 
tween 70 and 100 g were used in all of these 
experiments. The animals were implanted 
with 1 mm square portions of normal skin 
according to the method of cheek pouch im- 
plantation described by Lutz, e¢ al.(9). The 
entire thickness of abdominal skin was taken 
for the hamster homografts and autografts. 
For the heterografts, a 1 mm thickness of 
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TABLE I. Survival of Skin Grafts in Hamster Cheek Pouch. 

Sacrificed 3 wk after implantation Sacrificed 6 wk after implantation 

Cortisonized Unconditioned Cortisonized Unconditioned 

Type of No.of No, sur- No. of No. sur- No.of No,sur- No. of No. sur- 
graft implants viving implants viving implants viving implants viving 

Heterologous 13 10 14 7 12 9 13 6 
Homologous TMi a 13 12 12 7 11 9 
Autologous 12 6 ital 9 14 8 12 12 


adult rabbit skin freshly obtained from the 
back of a black-haired strain and removed 
from an area in the inactive phase of the 
hair growth cycle was employed. The skin 
was shaved, then wiped -with dry sterile 
gauze before removing it. The grafts were 
not treated in any other way. 


Bilateral implantations were employed, 
and all 3 possible combinations were studied 
—i.e., auto-homo, auto-hetero, and homo- 
hetero. Half the recipient animals received 
3 mg of cortisone acetate (Merck) subcu- 
taneously in the nape of the neck at time of 
implantation and 2 mg twice weekly for the 
remainder of experiment. The remaining 
animals were untreated. 


Animals were sacrificed after 3 and 6 
weeks and degree of growth of the graft in 
the cheek pouch was determined by exam- 
ination of histological specimens. The cri- 
teria employed in determining successful or 
unsuccessful survival were: mitotic activity, 
appendage formation (hair follicles, sebace- 
ous glands), pigment formation, and migra- 
tory activity of the epidermis(10). Infec- 
tion widespread enough to cause significant 
necrosis of the graft and/or host tissue oc- 
curred in approximately 10% of all implan- 
tations. In these instances, the section was 
discarded from the series. One of the 36 
animals used died during the experiment and 
was not included in the series. 

In addition to being rated microscopically 
as “surviving” or “rejected”, sections were 
subjectively evaluated on a “blind” basis— 
using an arbitrary 0 to 4 scale—and employ- 
ing degree of mitotic activity, appendage and 
pigment formation, and migratory activity as 
criteria. This procedure produced evalua- 


tions of surprising consistency over repeated 
trials. 


Results. For 6-10 days after implantation, 
all grafts appeared grossly as yellowish-white 
nodules 3-8 mm in diameter surrounded by 
a variable area of increased vascularity. Sur- 
viving grafts retained this general appear- 
ance. Regressing transplants decreased in 
size after 6-10 days and about one-third was 
completely absorbed by 16-20 days. In the 
remaining two-thirds of regressing grafts, 
nodules 1-2 mm in diameter marking the site 
of a granulomatous reaction persisted for 2-4 
weeks longer. 


Survival of the 3 types of grafts is shown 
in Table I. Heterografts were surviving at 
3 and 6 weeks in both cortisonized and un- 
treated hamsters. The hair cycle, which was 
in the inactive phase at time of implantation, 
converted to the active phase—and mitoses, 
hair follicle and gland development, and pig- 
ment formation were seen in surviving grafts 
in both conditioned and untreated animals 
(Fig. 1, top). Epithelial migratory activity 
was marked (complete encystment by 3 
weeks) in all surviving implants, and most of 
the necrotic implants showed evidence of 
partial encystment before being rejected. All 
cysts were of the “external’(11) type, with 
the cuticular layer facing the center of the 
cyst and the basal layer facing outward. 
(Fig. 1, bottom). The appearance of the 
grafts was not significantly different at 3 and 
6 weeks. Subjective evaluation as well as 
survival-regression ratios indicated that he- 
terografts were growing more successfully in 
cortisonized animals. There was no signifi- 
cant difference in the behavior of cheek pouch 
autografts and homografts from the same 
non-inbred colony (Table I). In contrast to’ 
the behavior of heterografts, both autografts 
and homografts grew more successfully in 
non-cortisonized animals. Indeed, there were 
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FIG. 1, top. Adult rabbit skin heterograft in 
cheek pouch of unconditioned hamster 42 days 
after implantation. 72. Development of dermal 
appendages and pigment formation are evident. 

FIG. 1, bottom. Adult rabbit skin heterograft in 
cheek pouch of unconditioned hamster 42 days 
after implantation. 30. Complete ‘‘external’’ 
eneystment has occurred yia epithelial migration. 
a surprisingly small number of “takes” in 
treated hamsters. 

All rejected grafts were surrounded and 
infiltrated by large numbers of lymphocytes 
and plasma cells. In addition, smaller num- 
bers of foreign body giant cells, monocytes, 
and polymorphonuclear elements were seen 
amidst the necrotic tissue. Lymphocytes and 
plasma cells in significant mumbers _ sur- 
rounded and infiltrated 10 of the 13 surviv- 
ing heterografts in untreated animals—but 
graft survival and growth occurred despite 
the presence of this infiltration. A_ lesser 
mononuclear cell accumulation was noted in 
surviving heterografts in cortisonized ham- 
sters, and still fewer were seen in surviving 
autografts and homografts. 
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It should be noted that changing the kind 
of graft in one cheek pouch had no effect on 
the contralateral cheek pouch graft in the 
same animal. For example, heterografts 
grow equally well whether a homograft or an 
autograft was in the opposite cheek pouch. 


In view of the surprising extent of hetero- 
graft survival in untreated hamsters, ortho- 
topic heterografts of adult rabbit ear skin 
were placed on the flanks of 10 hamsters 
from the same non-inbred colony according 
to the method described by Billingham and 
Medawar(12). Four of the recipient ani- 
mals received the same dose of cortisone given 
to cheek pouch implant recipients; the re- 
mainder were untreated. 


In contrast with the results observed in the 
cheek pouch, these orthotopic heterografts 
were uniformly non-viable beyond the 7th 
day. Cortisone was completely ineffective in 
prolonging the survival of these grafts. Fol- 
lowing initial vascularization, evident on the 
third or fourth day after implantation, hem- 
orrhagic necrosis developed and the graft was 
rejected in the familiar fashion(12,13). 

Discussion. A number of workers have 
reported growth of adult heterologous skin 
implants in the cheek pouch of the corti- 
sonized hamster(5,3,7). Foley and Handler 
(3), working with tissue culture cell inocula, 
found that normal heterologous tissue in- 
jected in a sufficiently large inoculum will 
grow and proliferate for at least a short pe- 
riod of time in the hamster cheek pouch, even 
when no cortisone treatment of the recipient 
is employed. Billingham and Hildemann(13) 
have shown (and the experiments reported 
here have confirmed) that normal skin he- 
terografts are promptly rejected from the 
body surface of the hamster in every instance 
—even with the use of cortisone, and have 
suggested that “the cheek pouch may be an 
immunologically privileged environment, 
where grafts either fail to elicit a maximal 
response or are to some extent exempt from 
its consequences.”’ The experiments reported 
here (i.e., survival and growth of adult skin 
heterografts in the hamster cheek pouch even 
without conditioning of the recipient) suggest 
that the cheek pouch 7s in some way immuno- 
logically privileged and that grafts placed 
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‘there are not subject to the same factors 
causing prompt rejection of orthotopic skin 
heterografts. These experiments suggest, 
however, that the sanctuary of the cheek 
pouch is not complete for, when heterografts 
are given further protection against rejection 
by use of cortisone, they grow more suc- 
cessfully than they do without the steroid. 

The acceptance of intracolony orthotopic 
homografts by the hamster and the behavior 
of these like autografts has been reported by 
a number of investigators, and thus the sur- 
vival of intracolony cheek-pouch homografts 
was not unexpected. It is interesting to note, 
however, that in contrast to heterografts, 
both auto and homografts demonstrated 
poorer survival in cortisonized animals than 
in untreated controls. The findings reported 
here are consistent with those reported by 
Vasiliev in rats(15), z.e., that cortisone en- 
hanced the growth of heterologous tumors 
but inhibited the growth of tumor homo- 
grafts. 

A word should be said about the marked 
lymphocytic response noted in surviving he- 
terografts as well as in all necrotic implants. 
If one adheres to the current concept that 
lymphocytic elements are associated with the 
phenomenon of graft rejection, one is struck 
by the seeming impotence of these lympho- 
cyte and plasma cell infiltrations amid the 
proliferating cheek pouch implants. This re- 
sponse was noted in those animals sacrificed 
at 3 weeks, and presumably had been pres- 
ent in the “6-week” group for at least 21 days 
without changing significantly in appearance 
or causing graft necrosis. It appears that a 
base-line lymphocytic infiltration occurs in 
response to all grafts (even autografts) but 
an increased number of these cells accumu- 
lates specifically in response to heterografts. 
This additional accumulation is inhibited by 
cortisone. 

Experiments are presently underway to 
determine the basis of the cheek pouch’s ap- 
parently privileged state. 

Summary. 1) Adult rabbit-skin hetero- 
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grafts were capable of surviving at least 6 | 


weeks and proliferating in cheek pouches of 
both cortisonized and untreated Syrian ham- 
sters. Orthotopic heterografts were uni- 
formly non-viable beyond the seventh day. 
2) No difference in survival was observed 


between autografts and homografts from the | 


same non-inbred colony. 3) A marked lym- 
phocytic reaction was evident in all rejected 
grafts and in surviving heterografts. This 
response was inhibited by cortisone and ap- 
parently did not prevent growth of these he- 


terografts. 4) In general, cortisone inhibited — 


growth of homografts and autografts and en- 
hanced growth of heterografts. 5) The na- 
ture of the graft in one cheek pouch had no 
effect on the growth of the contralateral 
craft. 


I am grateful to Dr. Charles Breedis for his 
invaluable suggestions and advice in connection with 
this work. 
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Failure of Benzydroflumethiazide and Hydrochlorothiazide to Influence 


Plasma Potassium in Nephrectomized Dogs.* 


(26441) 


WILLIAM P. BLACKMORE 
Department of Pharmacology, University of Texas Southwestern Medical School, Dallas 


The pharmacological basis of the hypoten- 
sive action of chlorothiazide and structurally 
related compounds continues to be a contro- 
versial problem. Evidence from several lab- 
oratories(1,2,3,4,5) indicates that the initial 
antihypertensive response of chlorothiazide 
is a result of reduction in plasma volume and 
consequent oligemia. These results are fur- 
ther supported by observation that restora- 
tion of plasma volume by intravenous dex- 
tran solutions, either salt free or salt contain- 
. ing, results in partial reversal of the antihy- 
pertensive action of chlorothiazide(6,7). In 
addition, chlorothiazide and mercurial diu- 
retics have been reported to have a selective 
antihypertensive action which may be poten- 
tiated by a reduction in body sodium(8). 
The foregoing results strongly suggest that 
the principal action of the benzothiadiazine 
diuretics is dependent upon a reduction in 
plasma volume, resulting from the diuretic 
action of the drug. In contrast, it has been 
reported that the hypotensive response of 
chlorothiazide per se may depend upon an- 
tagonism to an unknown pressor substance 
(9). Chlorothiazide has also been shown to 
decrease “reactivity” to various types of 
pressor agents in normotensive and hyper- 
tensive subjects(4,10) as well as in normo- 
tensive dogs(11). This response is not spe- 
cific for chlorothiazide since a similar effect 
concomitant with diuretic action has been ob- 
served with acetazolamide and mercapto- 
merin, indicating sodium excretion played a 
dominant role(12). Recently it has been re- 
ported that chlorothiazide and hydrochloro- 
thiazidet significantly lowered plasma potas- 
sium levels with no effect on sodium levels in 
nephrectomized dogs(13) whereas, acetazola- 
mide and mercaptomerin had no _ effect. 
These results suggest that the chlorothiazide 


oo 


* Supported by grants from U.S.P.H.S. and E. R. 
Squibb & Sons. 
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derivatives have an extrarenal action and fo- 
cus attention on both an extrarenal effect and 
a saluretic response contributing to the early 
hypotensive action observed with these diu- 
retic agents, and that they exhibit a specific 
effect not shared by other diuretics. 

During an investigation of benzydrofiume- 
thiazidet it seemed of interest to determine 
the effect of this diuretic on plasma sodium 
and potassium levels in acute nephrectomized 
dogs. It would be anticipated a priori that 
this structurally related agent would decrease 
plasma potassium if the extrarenal effect is 
specific for the benzothiadiazine derivatives. 
Our results indicate that benzydroflumethia- 
zide does not alter plasma potassium in acute 


-nephrectomized dogs. 


Methods. Experiments were carried out 
with dogs of either sex weighing 9 to 20 kg 
that had been maintained on a diet of Fris- 
kies dog cubes for a minimum of 1 week 
prior to experiment. The animals were anes- 
thetized with sodium pentobarbital (35 mg/ 
kg) and arterial blood pressure was recorded 
with a 3 channel physiograph. Acute bi- 
lateral nephrectomies were performed via the 
ventral approach. Blood samples were ob- 
tained before nephrectomy(C), 1 hour post 
nephrectomy (PN-1 hr) immediately before 
administration of the diuretic, then 30 min- 
utes (PD-30 min), 1 hour (PD-1 hr), 1.5 
Hours 2 D-15ht).82— hours. (PD-2shr). 3 
hours (PD-3 hr) and 4 hours (PD-4 hr) 
after beginning of drug administration. Blood 
hematocrits were determined and plasma so- 
dium and potassium were measured with a 
Beckman flame photometer. A control group 
of 8 dogs received 10 ml 5% glucose in 
water 1 hour after nephrectomy followed im- 
mediately with a 30 minute infusion of 50 ml 
5% glucose. In the control animals the 30 
minute sample was not taken. All experi- 
mental animals received the same amount of 
glucose plus the diuretic that was being in- 
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TABLE I, Plasma Electrolytes Values in Acute Nephrectomized Dogs. 
ee OOOOEOEOEOEOEOaeaeoeoqeoqos0>$S$S<S<S<<<<$$$$$$m9S™(—\_<_—s 
Group and 
No. animals C PN-lLhr PD-30min. PD-lhr PD-1.5hr PD-2hr PD-3hr PD-4hr 
Na, meq/1 
Control 140 +1.9 1389 +1.9 138 +1.3 140 +1.6 39 +2.0 139+2.0 140 +1.0 
Benzydroflu- 141 +1.7 141 4+1.7 14024+1.4 140+2.2 141+1.0 142 +1.7 141+1.3 140+ 9 
methiazide 
12 
Hydrochloro- 141 +1.8 140+1.4 140+1.9 141 +1.5 14141.6 1423416 143 +1.7 142 +1.5 
thiazide 12 
K, meq/1 
Control 8 41+ .10 40+ .14 404.11 3.9+ 10 3.94.13 3:93 14 4.0 208 


vestigated. The second group of 12 animals 
received a prime dose of 0.5 mg/kg benzydro- 
flumethiazide and the same dose of the drug 
during the 30 minute infusion. The first 6 
animals that received benzydroflumethiazide 
were followed for only a period of 2 hours 
after nephrectomy, to mimic the procedure 
employed for hydrochlorothiazide by Beavers 
(13). Thereafter all experiments were ex- 
tended from 2 to 4 hours and more blood 
samples obtained. The third group of ani- 
mals received 2 mg/kg hydrochlorothiazide 
as a prime dose and the same amount in the 
infusion. Statistical analysis of the data was 
performed by the method of Mather(14). 
Results. Table I summarizes plasma so- 
dium levels in control animals and those ad- 
ministered benzydroflumethiazide and hydro- 
chlorothiazide as well as plasma potassium 
levels in control animals. Tables II and III 
illustrate the effect of benzydroflumethiazide 
and hydrochlorothiazide, respectively, on 
plasma potassium levels. Data for potas- 


sium are presented in detail because they do 
not confirm previous data(13). There was 
no significant change in plasma sodium con- 
centration after either diuretic (P>0.05). 
Similarly, no significant change in plasma po- 
tassium was observed in animals that re- 
ceived either diuretic (P>0.05). 

Mean arterial blood pressure did not de- 
crease more than 20 mm Hg after nephrec- 
tomy. Hematocrits for each group did not 
vary more than 10% from control values 
throughout the experiments. 


Discussion. Results obtained in this study 
indicate that benzydroflumethiazide does not 
have any effect on plasma sodium and potas- 
sium levels in the acute nephrectomized dog. 
These results do not support the concept of 
an immediate extrarenal action which has 
been suggested for this type of diuretic(13). 
However, these acute experiments do not rule 
out the possibility that chronic administra- 
tion of the drug may exhibit some extrarenal 
effect. Failure to observe a decrease in 


TABLE IT. Plasma Potassium Values in Acute Nephrectomized Dogs During and Following 
Administration of Benzydroflumethiazide, 


Dog C 


PN-lLhr PD-30min. PD-lhr PD-1.5hr PD2hr PD-3.hr BPD-4hr 
1 mij Bal ads Oot 
2 5.0 4.7 4.7 4.7 
3 4.7 4.6 42 4.4 
4 4.8 4,8 4.4 4.4 
5 Our 4.0 Bet elf 
6 4.0 4.6 4.7 4.6 
7 3.9 4.0 Ont 4.0) 4.3 4.1 4.0 4.4 
8 3.6 3.6 3.8 Bo ih 3.9 3.9 3.6 
9 4.3 4.1 3.9 4.2 4.0 4.2 4.2 4.4 
10 4.5 4.7 4.8 4.4 4.3 4.6 4.5 4.4 
at 3.8 ayfh 4.1 4.0) 3.6 Out 4.0 4.1 
12 4.2 3.8 3.9 4.1 Bae eo) 3.9 3.9 
Mean& 4.1+.14 4.2 +.13 1.0 +.16 41+.11 39+12 42+112 41+.10 41 +.13 
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TABLE III. Plasma Potassium Values in Acute Nephreetomized Dogs During and Following 
Administration of Hydrochlorothiazide. 


Dog C PN-lhr PD-30min. PD-lhr PD-1.5hr PD-2hr PD-3hr PD-4hr 
i 4.7 4.6 4.6 4.5 4.6 4.7 4.9 4.4 
2 3.8 3.8 3.4 3.6 3.9 4.0 4.2 4.0 
3 3.7 3.5 3.6 3.8 3.7 3.7 4.2 4.2 
4 3.8 3.9 3.7 3.5 3.7 4.3 4.0 3.8 
5 4.1 4.2 4.1 4.5 3.9 4.2 4.1 4,4 
6 3.8 3.7 3.8 4.0 4.2 4.2 4.2 4.2 
7 3.8 3.5 4.1 3.8 3.7 4.0 3.5 3.9 
8 4.1 3.8 3.8 3.6 4.0 4.0 4.3 4.4 
9 4.2 3.8 3.8 4.3 4.2 3.9 4.3 4.1 
10 3.8 3.7 3.9 3.6 3.8 3.8 3.9 3.9 
Tt 3.6 3.6 3.7 3.8 3.8 Ball 3.7 3.8 
12 3.9 4.0 Bie) 3.9 4.1 41 4.2 4.0 
ae & 3924.11 3.84.09 3.94.09 39+.10 40+.08 41+.08 414.10 4,1+.08 


plasma potassium cannot be explained on in- 
sufficient dosage since benzydroflumethiazide 
is at least 5 to 10 times as potent as hydro- 
chlorothiazide in producing a saluretic ef- 
fect. The only conclusion that can be ob- 
tained from this study is that benzydroflume- 
thiazide along with acetazolamide and mer- 
captomerin exhibits no extrarenal action 
when evaluated in acutely nephrectomized 
dogs. 

The cause of the failure to obtain a de- 
crease in plasma potassium with hydrochloro- 
thiazide remains obscure. The data do not 
show any trend toward a decrease in potas- 
sium after nephrectomy. Extending the pe- 
riod of observation from 2 to 4 hours should 
have made it more apparent if there was a 
migration of potassium from the plasma; this 
did not occur. Therefore, results obtained 
in this study indicate that hydrochlorothia- 
zide does not cause any extrarenal effect in 
acute experiments under the conditions de- 
scribed. 

Summary. Benzydroflumethiazide and hy- 
drochlorothiazide did not have any effect on 
plasma sodium or potassium levels when ad- 
ministered intravenously to acute nephrecto- 
mized dogs. These results indicate that un- 
der the conditions described benzydroflume- 
thiazide and hydrochlorothiazide do not have 


an extrarenal effect on sodium or potassium 
which could explain the mechanism of their 
antihypertensive action. 
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Role of Triiodothyronine-I*! Purity in T-3 Tests. 


Norman D. LEE AND VINCENT J. PILEGGI 


(26442) 


(Introduced by R. J. Henry) 


Radioisotope and Iodine Sections, Bio-Science Laboratories, Los Angeles, Calif. 


This laboratory has been concerned with 
investigation of various thyrodiagnostic pro- 
cedures based on in vitro partitioning of I'*!- 
labeled triiodothyronine (T-3) between plas- 
ma or serum proteins and such formed ele- 
ments as erythrocytes(1) or ion-exchange 
resin beads(2). A number of variables have 
been reported as affecting reproducibility (3, 
4). Ina series of studies designed to evalu- 
ate other factors responsible for day-to-day 
variation attention was focused on the T-3 
preparation. This report is concerned with 
purity and stability of such preparations and 
their role in T-3 tests. 

Methods. T-3 preparations were stored 
in the refrigerator. Working solutions were 
used in a standard partitioning test employ- 
ing whole blood(1). Descending chroma- 
tography was carried out using Whatman #3 
paper and 2-butanol:4% NH,OH (3:1) as 
solvent. Prior to spotting the T-3 prepara- 
tion was diluted with a carrier solution con- 
taining a mixture of non-radioactive iodo- 
amino acids and iodide. Strips were dried 
after development and surveyed with a ra- 
diochromatogram scanner (Scanogram II, 
Atomic Accessories) and the proportions of 
radioactive components were determined by 
planimetry. Identification of components 
was based on coincidence of radioactivity 
with spots shown by spraying the strips with 
a ceric-arsenious acid reagent and counter- 
staining with methylene blue(5). 

Results. Table I shows uptake values for 
4 different whole blood specimens in the 
standard partitioning test when T-3 from 3 
different commercial suppliers was used. 
When compared to normal values(1), these 
were interpreted as consistent with hypo-, 


TABLE I. Role of Different T-3 Preparations. 


% uptake/100 hematoerit 


T-3 from 
source Blood 1 Blood 2 Blood 3 Blood 4 
A 7.2 17.0 14.1 lve 
B 13.8 14.3 8.8 10.4 
C 6.7 6.9 4.5 5.5 


/ 


SOURCE A fae 
f L 
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! at 
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FIG. 1. Radioactive scanning records of chromato- 
graphic analysis of T-3 preparation from 3 differ- 
ent sourees. Numbered spots at top are from a 
ceric-arsenious acid stained chromatogram of a 
mixture of iodoamino acids. (1, triiodothyronine; 
2, thyroxine; 3, iodide; 4, monoiodotyrosine, and 
5, diodotyrosine. Arrows mark origin of each 
strip.) 


eu-, or hyperthyroidism, depending on which 
stock T-3 preparation had been used. It 
could only be concluded that these differ- 
ences arose from heterogeneity of the radio- 
active materials. This was demonstrated 
chromatographically; scanning records of ra- 
diochromatograms are shown in Fig. 1. 


These findings prompted chromatographic 
analysis of a number of samples obtained 
from Source A; results are presented in Ta- 
ble II. These samples were all reasonably 
new. Excepting preparation #4 they can be 
seen to be highly uniform, being only mini- 
mally contaminated with radioactive mate- 
rials other than T-3. Non-iodide impurities 
were also rather uniform, being distinguish- 
able only as a deformity in one shoulder of 
the T-3 peak. Preparation #4 had been de- 
layed in transit, hence its increased propor- 
tions of impurities may have arisen during 
this period. 

Another factor is appearance of radioactive 
impurities with age. Data presented in Ta- 
ble III are concerned with 3 preparations 
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TABLE II. Composition of Various Fresh T-3 
Preparations. 
1-3 nee I'™ distribution, % 

prep. No. days T-3 I- Other constituents 

1 0 98 2 None 

2 it 100 0 Less than 1% 

3 3 100 0 Idem 

4 - 88 4 8% 

5 4 98 2 Less than 1% 


which had minimal impurities on receipt. Al- 
though kept under identical conditions quan- 
titative aspects of development of impurities 
seemed to be distinctly different. Time in- 
tervals employed were within or only slightly 
beyond the accepted usable life of such ra- 
dioactive preparations. 

Discussion. It was observed that there 
were marked differences in radiopurity of T-3 
preparations obtained from different sources, 
that markedly impure preparations were ob- 
tained occasionally from sources having a 
record of high purity, and that some pure 
preparations developed significant propor- 
tions of impurities over a short time interval. 
Only the first of these problems may be di- 
rectly traceable to source of supply; time and 


TABLE III. Effect of Preparation Age on Pro- 
portions of Various I’** Constituents. 


[T*' distribution, % 


T-3 Age, . 
prep. No. days T-3 I- Other constituents 
1 0 98 2 None 
6 96 4 Less than 1% 
18 91 2 7% 
3 3 100 0 Less than 1% 
20 85 3 12% 
2, if 100 0 Less than 1% 
6 90 { 9% 


685 


temperature of shipment, particularly where 
unusual delays are involved, may be respon- 
sible for the second and third observations. 
Nevertheless, these phenomena certainly ex- 
plain the findings shown in Table I and may 
account for spurious results occasionally ex- 
perienced with this type of test. Chromato- 
graphic monitoring of each lot of T-3 on re- 
ceipt may be a sufficiently simple procedure 
for routine practice. We have found use of 
a standard lyovhilized or pooled serum of ad- 
ditional value as a monitoring device for each 
run. This is possible with any modification 
of the T-3 test using only patient’s serum or 
plasma and an adsorbent other than patient’s 
own erythrocytes. 

Summary. Using a standard thyrodiagnos- 
tic test based on in vitro partitioning of tri- 
iodothyronine-I'*! between plasma proteins 
and erythrocytes of whole blood, results were 
found to differ depending on the commercial 
source of labeled triiodothyronine. Chro- 
matographic study showed these preparations 
to be heterogeneous. Impurities were occa- 
sionally present in fresh materials and de- 
veloped in significant proportions during the 
accepted usable life of the preparation. 
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Fluorescent Antibody Stainability and Other Consequences of the 


Disruption of Mycobacteria. 


(26443) 


CHARLES C. SHEPARD AND DaAvip KirsH 
Communicable Disease Center, Public Health Service, U. S. Department of HEW, Atlanta, Ga. 


During the last few years a number of at- 
tempts in this laboratory to stain mycobac- 
teria with fluorescent antibody have been un- 
successful, and the lack of publication of suc- 


cessful efforts by others suggests a similar ex- 
perience elsewhere. 

The mycobacteria are characterized by a 
high lipid content and their lipophilic be- 
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havior(1) indicates that lipid is located on 
the surface. Yet water soluble preparations, 
usually in the form of culture filtrates, are 
able to react with immune serum in comple- 
ment fixation and immunodiffusion reactions. 
It seemed possible that it was only the outer 
surface of the cell wall that consisted of lipid, 
and that the inner surface might have a struc- 
ture resembling other bacteria and would 
contain protein or carbohydrate antigens. 

To test this proposition we have disrupted 
mycobacteria by vibration with glass beads 
in the manner used successfully to prepare 
cell walls of many nonacid-fast bacteria (see 
review of Salton, 2). It was found that the 
mycobacteria do stain very well by fluores- 
cent antibody after such treatment. Disrup- 
tion of the mycobacteria was accompanied by 
a release of soluble protoplasmic constituents. 
This soluble fraction contains the largest 
amount of antigen, as judged by its inhibition 
of the fluorescent antibody reaction. 

Vibration with glass beads had also been 
used by Ribi et al.(3) to prepare suspensions 
of cell walls, as judged by electron micro- 
scopy. They observed a pronounced aggre- 
gation of cell walls and unbroken organisms 
with consequent low yield of suspendable cell 
walls, and later turned to the pressure cell 
technic(4), where the aggregation was less 
severe. Clumping has been observed in 
the present study, but it did not hinder the 
observation of the markedly increased stain- 
ing by fluorescent antibody. The efficiency 
of mycobacterial disruption was controlled 
by measurements of the release of soluble 
protoplasmic constituents. 

Materials and methods. Mycobacterial 
cultures were maintained on Loewenstein- 
Jensen medium. Suspensions for study were 
prepared from growth in Tween-albumin me- 
dium (TB broth base of Difco), washed in 
water 1 to 3 times, and resuspended in water 
to a concentration that when diluted 10 times 
gave an optical density of 0.40 in the Cole- 
man spectrophotometer with a 19 mm cu- 
vette at 600 mp (Dgo9 = 4.0). The vibration 
was performed in the Mickle apparatus with 
an amplitude of 7 mm, with 4 ml of bacterial 
suspension and 4 g of glass beads (No. 12, 
Cataphote Corp., Toledo, Ohio). The sedi- 
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ments and supernates were collected after 
centrifugation at 1000 g in an angle head for | 
30 minutes. Bacteria were counted in micro- 
drops by the “rapid method’’(5,6), the final 
dilution (10%) being made in formol-milk 
containing 0.1% gelatin. Dry weights were 
performed after drying for 24 hours at 105°. 
The accuracy of the dry weight determina- 
tions was restricted by the availability of 
material but it was attempted to weigh at 
least 4 mg of solids in duplicate; the dupli- 
cates agreed within + 10%. Protein was 
measured by the Lowry method(7). Carbo- 
hydrates were estimated by the anthrone pro- 
cedure(8). An estimate (called Dy na 


the amount of bacterial protoplasm was 
formed by measuring optical density at 265 
my of extracts with hot perchloric acid. Four- 
tenths ml of bacterial preparation was mixed 
with 3.2 ml H2,O + 0.4 ml 60% perchloric 
acid and heated to 90° for 15 minutes. Cen- 
trifugation at 1000 g for 30 minutes was used 
to clarify the extract. The presence of 
Tween in the extracted material gives a tur- 
bid extract, which can be clarified by ether 
extraction overnight. Optical density was 
read in the Beckman spectrophotometer in 
1 cm cells at 220, 230, 240, 260, 265, 280, 
300, and 320 mp, and the curve constructed 
to ensure its typical form. The minimum 
was located at 230 or 240 mp, and the ratio 
between optical density at the minimum and 
at the maximum (265 my») was less than 0.7 
in all instances except in the case of sedi- 
ments of well disrupted organisms, which had 
very low optical densities. This procedure 
does not differentiate between RNA, DNA, 
and smaller compounds, but is a convenient 
and sensitive indicator of bacterial proto- 
plasm, as distinguished from cell wall ma- 
terial. 

Antimycobacterial sera were prepared 
usually by intravenous injection of rabbits 
with about 0.4 mg (dry weight) of bacilli at 
weekly intervals for 4 weeks, with bleedings 
before injection and 2 weeks after 4th injec- 
tion. Complement fixation tests showed an- 
tibody responses usually to titers of 1:256 to 
1:2048 from levels usually less than 1:10 be- 
fore immunization. Antibody response was 
also revealed by fluorescent antibody results. 
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Tubercle bacilli (H37Rv) grown 7 days in 800 ml Tween-albumin 
medium, washed 3 times in H,O and concentrated to 30 ml to give 
Deoo = 4.1 


A. Original: 4.8 10° acid-fast baeteria/ml 


DPC — 10.65 


Dry wt = 4.6 mg/ml 


20 ml. Vibrate with glass beads 5 min. 
Centrifuge 1000 G, 30 min, 


| 


V 
B. Supernate: 18.2 ml 
Dt = 10.00 (94% of A) 
Dry wt = 3.6 mg/ml (78% of A) 
Protein = 1.9 mg/ml 
Carbohydrate = 0.65 mg/ml 


v 
C. Sediment: Wash 1x in HO 
Resuspend in 18.2 ml H.O 
Dee = 0.95 (9% of A) 
Dry wt = 1.85 mg/ml (29% of A) 


FIG. 1. Procedure for separation of intact bacilli (A) into soluble fraction (B), and disrupted 
organisms (C). 


Most of the fluorescent antibody stains were 
performed by the indirect procedure with the 
anti-rabbit conjugates prepared from chicken 
or goat immune sera. Direct stains were also 
effective. The serum and conjugates were 
diluted in VBA (2.5% bovine plasma albu- 
min in veronal buffered saline; final pH 7.5) 
before being applied to the slide. A fresh 
pipette was used for each dilution. Incuba- 
tion was at 37° for 30 minutes in each case. 

Labelling was performed by adding fluores- 
cein isothiocyanate (chromatographically 
pure isomer I) to 20 times its weight of the 
globulin fraction, present as a chilled and 
stirring 2% solution in 0.025 M NasCO3 + 
0.025M NaHCO; + 0.15 M NaCl. After 6- 
18 hours the conjugates were dialyzed thor- 
oughly and absorbed 3 or 4 times with tissue 
powders (prepared usually from monkey 
liver). The illumination for microscopy, pro- 
vided by a Reichert assembly carrying an 
HBO-200 Osram lamp, was filtered through 
a half-thickness Corning 5840 filter. A Wrat- 
ten 2B filter was in the ocular. With this 
filter system the blue-gray autofluorescence 
of unstained bacilli, distinctly visible in 
clumps of organisms, could be easily distin- 
guished from the yellow-green fluorescence 
of the bacilli after they had been stained with 
fluorescent antibody. The smears were 
usually prepared fresh for each day’s work. 
They were air-dried, fixed with acetone for 
10 minutes at room temperature, then al- 
lowed to dry at room temperature. They 
could be preserved at —20° or lower if, be- 


fore use, they were allowed to come to room 
temperature in a closed box to prevent con- 
densation. The fluorescent antibody pro- 
cedures are those described earlier by others, 
especially by Coons and his colleagues; a re- 
cent handbook(9) describes the general tech- 
nics in detail. 

Complement fixation tests were done by 
the modified Kolmer procedure employed in 
this laboratory for diagnosis of viral and 
rickettsial diseases. 

Results. 1. Control of disruptive treat- 
ment. That the mycobacteria were thor- 
oughly opened up by the agitative treatment 
is shown in Fig. 1. Most of the protoplasm 
was released into the soluble fraction (B) 
(94% as judged by DEC’ determinations). 
This represented 70-80% of the dry weight 
of the intact organism. The sediment (dis- 
rupted bacilli, C) probably consisted chiefly 
of cell walls since its D3C* value was only 


9% of A, which would represent only 0.4 
mg/ml. The spectrophotometer curves for 
the same 3 materials are shown in Fig. 2. 
The minimum for C at 240 was 87% of the 
maximum at 265, indicating that the DEC’ 
value overstates the protoplasmic content. 
It is not clear whether the protoplasm was 
present in this fraction as intact bacilli en- 
trapped in the clumps, or as adhering proto- 
plasm that did not leave the disrupted bacilli. 
As stated, dry weight values are imprecise at 
present because of inadequate bacterial mass. 

Preparation of all the mycobacterial spe- 
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FIG. 2. Spectrophotometrie curves of perchloric 
acid extracts of materials of Fig. 1. (A = intact 
bacili, B = soluble fraction, C = disrupted ba- 


eilli.) 


cies listed in Tables I and II have been moni- 
tored with bacterial counts, protein and 
DEC determinations. No important dif- 


ferences among species were noted. Incom- 
plete break-up of the bacteria was revealed 
by low DE<A for the supernate relative to 
the starting material and by lower protein 
values. The amplitude of vibration needs to 
be a full 7 mm to ensure efficient break-up in 
5 minutes. 

The disruption is associated with a vari- 
able amount of clumping of the remaining 
bacteria and cell walls, sometimes with at- 
tachment to glass surfaces. This leads to an 
overestimate of degree of bacterial disruption 
if judged by decrease in turbidity. It may 
also lead to poor recovery. 

Acid-fast stains were not helpful in assess- 
ment of the efficiency of disruption. The 
smears were difficult to interpret quantita- 
tively because of clumping and poor stain- 
ing. There was a decrease in both acid-fast 
and nonacid-fast bacilli that roughly paral- 
leled the degree of disruption indicated by 
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DES and protein determination. Koch 


in 1897(10) described a loss of acid-fastness 
of tubercle bacilli when they were ground in 
the dried state in an agate mortar, and he 
used acid-fast stains to control the efficiency 
of grinding of tubercle bacilli during prepara- 
tion of “TO” and “TR”, which were the re- 
spective supernate and sediment of a sub- 


sequent centrifugation, and would be analo-— 


gous to fractions B and C in Fig. 1. It seems 
likely that the process employed here releases 
more protoplasm into a soluble state, pre- 
sumably because denaturation of protoplas- 
mic constituents is avoided, and that loss of 
protoplasm results in loss of stainability with 
the methylene blue counterstain. 


2. Increase in stainability with fluorescent 
antibody that accompanies bacterial disrup- 
tion. Comparisons of stainability of several 
species of mycobacteria before and after dis- 
ruption are given in Table I. No staining of 
bacterial bodies was observed with the first 5 
mycobacteria, although there was some stain- 
ing of the background between the organ- 
isms. Staining of the background is not very 
useful in fluorescent antibody studies because 
it lacks morphology and its specificity is dif- 
ficult to control. The last 3 cultures, which 
are the rapidly growing species, could be well 
stained while still intact. 


Addition of Tween 80 to a concentration 
of 0.05% or 0.5% (w/v) to the dilutions of 
antimycobacterial sera did not affect staining. 


3. Relative amounts of antigen available 
for antibody inhibition in the 3 fractions. 
The antimycobacterial sera were diluted in 
the bacterial preparations to see if the stain- 
ing could be inhibited. This approach is par- 
ticularly convenient with fluorescent anti- 
body methods because the indicating antigen 
is fixed to the slide and is not confused with 
the inhibiting (absorbing) antigen, which is 
carried away in the normal washing proce- 
dure(13). Representative examples of re- 
sults for the various mycobacteria are given 
in Table II. The soluble fraction was the 
most effective inhibitor in each instance. The 
preparations of disrupted bacilli were not 
much more effective inhibitors than those of 
intact bacilli. The results of Table I sug- 
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TABLE T. Fluorescent Antibody Staining of Mycobacteria before and after Disruption by 
Vibration with Glass Beads. Indirect stain with antimycobacterial serum prepared in rabbits 
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against the homologous culture. Numbers refer to brightness of staining (0 = no staining, 4 = 
brilliant staining) with antimycobacterial serum diluted 1:10. 


Unbroken organisms 


Fluorescent antibody staining 


Disrupted organisms 


Fo (M. fortuitum) 
Ph (M. phlei) 


(A) (C) 

Mycobacterial culture and abbreviation Bacall Background Baali Background 
Tb (M. tuberculosis, strain H37Rv) 0 0 4 4 
BCG (Rosenthal vaccine strain) 0 2 3 3 
Ka (M. kansasii(11), strain Barbee) 0 2. 4 4 
Ba (‘‘ Battey strain’’(11), strain Wolfe) 0 2 3 3 
NT and QT (hamster organism, Binford(12)) 0 4 4 4 

3 3 3 3 

+ 4 4 4 

3 3 4 4 


Sm (M. smegmatis) 


gest that the inhibitory power of the latter 2 
fractions reflects their content of the extra- 
bacillary antigen that produces background 
staining, rather than the amount of antigen 
located on the organisms or their cell walls 
and available to fluorescent antibody. 

4. Serological relationships between myco- 
bacterial species. A study of antigenic rela- 
tionships among the mycobacterial species is 
being carried out with the rabbit sera and 
fluorescent antibody stains of the disrupted 
organisms. The results appear to follow the 
pattern described by Wilson(14). Cross-re- 
acting antibody is usually present in high 
titer, and must be removed by absorption 
with the heterologous antigen to reveal spe- 
cific homologous antibody. The serological 
differentiation of M. tuberculosis (strain 
H37Rv), and M. kansasii (strain Barbee) is 
illustrated in Table III. 

5. Considerations of specificity of staining 
of mycobacteria with fluorescent antibody. 


a) In low dilutions normal rabbit sera caused 
distinct staining of the broken-up organisms, 
but after immunization there was marked 
increase in titer. With direct procedures 
there was 2+ staining of some of the myco- 
bacterial species studied with serum diluted 
1:4, but after immunization there was al- 
ways increase in staining, so that there was 
4+. staining at the low dilutions and 2+ 
staining in dilutions of 1:16 or so. With the 
indirect procedure. pre-immunization sera. 
frequently gave 44- staining in dilution of 
1:10, and after immunization 4+ staining 
was observed with the rabbit sera diluted 
1:100 to 1:1000. Staining of the mycobac- 
teria was also observed with chicken and goat 
anti-rabbit conjugates in low dilutions, but 
it was not observed with the dilutions em- 
ployed in the tests, i.¢., 1:6 to 1:8. The lack 
of staining of the mycobacteria with the 
anti-rabbit conjugate only was controlled in. 
each test. b) That the staining was not an 


TABLE II. Relative Inhibitory Power of the 3 Types of Bacterial Preparations. Homologous 


antisera were diluted 1:10 in the 3 types of homologous antigen. 


Sera were then further 


diluted in VBA and applied to smears of disrupted bacilli (C), as the intermediate layer of an 
indirect fluorescent antibody stain. Symbols not defined in Table I are: Bl = M. balnet (strain 


X), and VBA — 2.5% bovine plasma albumin in veronal buffered saline. ' 


Intact bacilli 


Soluble portion Disrupted bacilli 


VBA (A) (B) (C) 
Mycobacterium 10% 10? 10° 10% 9/10? «108 LO, 10? 410° 10% “10%, «108 
1 Tb 4 3 1 3 2 0 2 0 0 3 1 0 
2 Ka 4) 0°38 i 3 2 0 0 0 0 2 1 0 
3 Ba Ai 8 co 2 1 0 2 1 0 2 1 0 
CD su 40) 3 0 1 0 0 0 0 0 1 On 70 
5 QT 3 3 1 2 1 0 0 0 0 2 i 0 
6; Bl aT es 2 3 3 0 2 eee aa 4-2 0 
Z Fo 3 2 0 1 0 0 0 18 0 Dia. vr iOelsO 
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TABLE III. Serological Comparison of 2 Myco- 
bacterial Species by Antibody Absorption. Sce 
Table I for definition of symbols. 


VBA* MN oye Ka* 

Serum Dyin! Mah seta MMos, Cy Tp Ka 

1. Anti-Tb 10% 4 4 1 0 4 0) 
10? 3 o sé 0 2 0 

10% 2 1 0 0 ] 0 

104 Ets 0 0 0 0 0 

2, Anti-Ka 10? 4 4 2 2 3 + 
10? 3 3 0 2 1 (0) 

10° ] 1 0 2 0 0 

10% 0 0 0 ) 0 0 


* Antisera were diluted in VBA, or in the soluble 
fraction (B) of Tb (M. tuberculosis), or of Ka (M. 
kansasii) before being used to stain mycobacterial 
antigens by indirect method. 

+ Smears were made from disrupted bacilli of M. 
tuberculosis or M. kansasiv. 


artefact produced by clumping of mycobac- 
teria was obvious on comparison of stained 
and unstained smears, since staining gave the 
clumps a brilliant yellow-green color and ren- 
dered distinctly visible unclumped single ba- 
cilli, which were numerous in some prepara- 
tions (Fig. 3 and 4). c) That the staining 
was due to fluorescent antibody and not some 
nonspecific fixation of labelled non-antibody 
protein, for example, by surface active 
forces, was attested by the increases in titer 
that occurred on immunization of rabbits, and 
by the specificity of the inhibition of staining 
that could be achieved by dilution of the se- 
rum in soluble preparations of antigen homo- 
logous to the mycobacterial species in the 
smear. d) The fluorescent antibody results, 
however, did not avoid the cross-reactions 
between mycobacterial species observed with 
other serological technics (e.g. 14). It seems 
probable that cross-reactions between myco- 
bacterial species, and between mycobacteria 
and non-acid fast species, will make difficult 
the application of fluorescent antibody meth- 
ods to laboratory diagnosis of mycobacterial 
diseases. 

The soluble fractions (B) from M. tuber- 
culosis, M. kansasit, M. balnei, and M. phlei 
were tested against the sera prepared against 
the same organisms in complement fixation 
tests. Block titrations were performed 
against homologous and heterologous sera. 
A condensation of the results with crosses 
among the 4 species is shown in Table IV. 
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BiG, 3. 
with fluorescent antibody. The bacilli, stained the 
typical yellow-green of fluorescein, were embedded 


Disrupted Mycobacterium bainei stained 


in blue-gray autofluorescent 
xX 885. 

FIG, 4. Control unstained smear of the same 
disrupted M. balnei preparation. Only the blue- 
gray autofluorescent amorphous material was vis- 
ible. In preparations of intact organisms, staining 
was confined to background, and bacilli were not 
discernible. 885. 


amorphous material. 


There was a helpful degree of specificity in 
each case. 

6. Antibody response to the 3 types of an- 
tigen preparations. Only incomplete data 
are available. Rabbits immunized with each 
of the 3 preparations have responded satis- 
factorily with antibody, as shown by fluores- 
cent antibody staining with an increase in 
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TABLE IV. Complement Fixation Titers of Rab- 

bit Antisera Tested against Soluble Fraction (B) 

of Each of 4 Species, Th (M. tuberculosis), Ka (M. 
kansasit), Bl (M. balnei), and Ph (M. phlei). 


Antigen 
Serum uae Ka* BI* Pity 
Anti-Tb >256t 64 64 16 
” -Ka 64 > 256 128 0 
frail > 256 32 > 256 128 
e-Ph: 64 64 128 >256 


* Antigen dilutions (2 units): Tb 80, Ka 320, Bl 
320, Ph 80. 


t+ Numbers refer to reciprocal of highest titer 
giving 3+ to 4+ fixation against 2 units of anti- 
gen. 
titer of roughly 100-fold. The rabbits also 
showed strong antibody responses as demon- 
strated by agar diffusion and complement fix- 
ation. Studies of the efficacy of the prepara- 
tions as vaccines are in progress. 

Discussion. The intact mycobacteria of 
the more slowly growing species did not stain 
with fluorescent antibody and this is evidence 
that the outer surface does not contain anti- 
gen. This unusual condition presumably 
arises from the unique lipophilic surface of 
these organisms. When the rabbits were in- 
jected with the intact bacilli, they formed 
antibody that was not apparently different 
from that produced by injection of the sol- 
uble fraction or disrupted bacilli; probably 
the intact bacilli are broken up in the rabbit 
before it responds by formation of antibody. 

Absorption by the soluble fraction of anti- 
body capable of reacting with the disrupted 
bacilli might be interpreted to mean that 
there were no antigens present in the cell wall 
that were not also present in the protoplasm. 
There was not sufficient evidence of anatom- 
ical purity to establish such a conclusion, 
however, since protoplasm antigen might have 
persisted on the cell wall, or perhaps translo- 
cated there, and the soluble fractions (B) 
might have contained suspended fragments of 
cell wall. 

Summary. 1) Mycobacteria were broken 
open by vibration with glass beads. Ninety 
to 95% of the protoplasm, and 70-80% of 
the bacterial mass was released into a soluble 
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state and could be separated by centrifuga- 
tion from the sediment (disrupted bacilli), 
which consisted largely of cell walls. 2) In- 
tact bacilli of the 5 more slowly growing spe- 
cies studied were not stainable with fluores- 
cent antibody, but disrupted bacilli stained 
brightly. This was interpreted as evidence 
that the outer surfaces of intact bacilli of 
these species are free of antigen. 3) Intact 
bacilli of 3 of the more rapidly growing spe- 
cies stained well. 4) The soluble fraction 
contained the greatest amount of antigen as 
judged by ability to inhibit staining of the 
disrupted bacilli. It could be used to absorb 
(inhibit) cross-reacting antibodies to render 
immune sera more specific in their staining 
of disrupted organisms. 5) The soluble frac- 
tion was a potent antigen in agar diffusion 
tests. In complement fixation tests it was 
also an effective antigen with helpful speci- 
ficity. 
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A Simple Device for Bedside Measurement of Carbon Dioxide Percentage 


in Expired Air. 


(26444) 


Frances E. Roperts, Mitton B. Cok AND ALFRED H. LAWTON 
Veterans Administraion Center, Bay Pines, Fla. 


One aspect of our long-term study of domi- 
ciliary members with emphysema has been 
the development of relatively simple bedside 
methods of sufficient accuracy for clinical de- 
termination of ventilatory function and ex- 
piratory gas exchange(1). Measurement of 
carbon dioxide content of alveolar air is very 
valuable but its value to the clinician de- 
creases with the time required to procure a 
determination by the exacting micro Scho- 
lander technic. Three years ago we found 
a report of a simple device for measuring car- 
bon dioxide content of flue gases which was 
said to be accurate within 214%. On using 
the apparatus we found that the results ob- 
tained were sufficiently comparable for clini- 
cal purposes to those obtained by the more 
refined laboratory technics. The apparatus, 
known as the Fyrite CO, Indicator Model 
CND* consists of 2 conical chambers con- 
nected by a glass tube. The bottom cham- 
ber is filled with a 10% potassium hydroxide 
solution so that some fluid rises in the tube. 
The upper conical chamber has a_ valve 
through which the gas sample enters. An 
adjustable scale allows reading of the height 


of the fluid before and after addition of the 
gas sample. 

The apparatus measures CO, saturated ~ 
with water. To check its accuracy using tank 
gas, which is dry, it is necessary to run the 
gas through water to saturate it. Respira- 
tory gases, being water-saturated, need no 
such treatment. 

Expired air may be collected in a bag and 
subsequently passed into the Fyrite, or pref- 
erably, the patient expires through a mouth- 
piece and tube. The last portion of the ex- 
pired breath is discharged directly into the 
apparatus. No special valves are required. 
The entire operation requires no more than 
5 minutes. The following chart shows com- 
parative values of the same expired air gas 
samples in 20 normals, using the micro Scho- 
lander and the Fyrite methods. 

The results obtained by the simple Fyrite 
method vary from those obtained by the 
micro Scholander technic by an average of 
.216. This is certainly accurate enough for 
clinical purposes. 

Recently, Ravin and Stein(2) have de- 
scribed an instrument which seems to be ade- 


TABLE I. Comparative Studies on Determination of CO, in Expired Air on Normal Control 
Group Using the Scholander Analyzer and Fyrite CO, Indicator - Model CND. 


Subject Scholander Fyrite Subject Scholander Fyrite 
| 3.10 3.00 11 3.47 3.20 
2, ath 4.00 12 3.2 oO 
3 3.29 3.50 13 2.26 2.70 
4 3.38 3.50 14 3.22 3.00 
5 yl 3.60 a{\5) tal 3.25 
6 3.21 3.40) 16 oule 8.00 
7 3.28 3.10 17 2.83 2.75 
8 3.41 3.50 18 3.00 SP Aa) 
9 3.29 3.00 19 2.80 3.00 

10 3.18 3.50 20 oele PAGS) 
Avg difference .216 
Scholander analyzer Fyrite CO, indieator - Model CND 
Mean and Mean and 
No. of cases §.E. of mean No. of cases S.E. of mean 
20 3.20 + .078 20 3,24 + .055 (p >0.5) 


* Bacharach Industrial Instrument Co., Pittsburgh, 
Pa. 
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quate for bedside studies. It requires much 
more care and time for its use than the ap- 
paratus described above. 

We have also used the Fyrite Oxygen In- 
dicator, which is similar in design and use 
to the CO, Indicator. In general, we have 
not found it as satisfactory when checked 
against the micro Scholander. This is of lit- 
tle importance since alveolar O. concentra- 
tions are of much less value to the clinician 
than the COs concentration. 
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Summary. The Fyrite CO, Indicator 
Model CND is a satisfactory instrument for 
bedside measurement of carbon dioxide con- 
tent of expired air. 


1. Cole, M. B., Hammel, J. W., Manginelli, V. W., 
Lawton, A. H., Meindersma, M. S., Dis. Chest, 1960, 
v38, 519. 

2. Ravin, H. A., Stein, M., New Eng. Med. J., 
1958, v259, 811. 
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Correlations Between Active Eyelid Closure and Depletion of Brain 


Biogenic Amines by Reserpine.* 


(26445) 


E. Costa AND G. R. PscHEIDT 
Thudichum Psychiatric Research Laboratory, Galesburg State Research Hospital, Galesburg, Ill. 


In mice and rats active eyelid closure 
(blepharospasm) is used to evaluate the de- 
gree of sedation induced by reserpine(1). 
Neither guanethidene (15 mg/kg i.p.), which 
depletes norepinephrine stored in peripheral 
nerve endings(2), nor Bretyllium (20 mg/kg 
i.p.), which prevents its release(3), induces 
active eyelid closure in rats. This suggests 
that catecholamines stored at _ peripheral 
nerve endings are not directly involved in ac- 
tive eyelid closure induced by reserpine. The 
purpose of this paper is to elucidate the role 
played by depletion of brain biogenic amines 
in the mechanism of reserpine induced ble- 
pharospasm. 

Our results suggest a positive correlation 
between active eyelid closure and depletion 
of serotonin (SHT) in the brain but fail to 
demonstrate a similar correlation with regard 
to brain norepinephrine. 

Method. Male Wistar rats of 150 to 200 
g were used in these experiments. Increase 
of motor output induced by drugs was eval- 
uated with revolving cages. The animals 
were placed in the cage immediately after 
drug injection and kept there for 2 hours. A 
crossover design was used; the interval be- 


* A preliminary report of these experiments was 
presented at Fed. Am. Soc. Exp. Biol., Chicago, April, 
1960 (Fed. Proc., 1960, v18, 279.). 


tween retesting of each animal was one week. 
Eyelid closure was evaluated according to 
the method of Rubin e¢ al/.(1). Brain stem 
norepinephrine was determined according to 
Bertler e¢ al.(4) using perchloric acid ex- 
tracts. Brain stem 5 HT was measured by a 
bioassay technic using the rat uterus(5). 
Brain stems of 2 to 3 animals were combined 
and homogenized at 0°C with 19 volumes of 
0.3 Mice cold sucrose containing 2.5 
10*M of tranylecypromine. An aliquot (5cc) 
of the homogenate was removed for total 5 
HT analysis, a second aliquot (10cc) was 
used for perchloric acid extraction and a 
third aliquot (5cc) of the homogenate was 
centrifuged in a Spinco Model L ultracentri- 
fuge with rotor No. 40 for 40 min. at 20,000 
rpm, equal to 26,360 g. Serotonin analysis 
was then performed separately in superna- 
tant and precipitate. The monoamineoxidase 
inhibitor (MAOT) d-l tranylcypromine (SKF 
385), Reserpine (Serpasil), and d-ampheta- 
mine sulfate were given alone or in combina- 
tion to groups of at least 6 rats. Doses, route 
of injection, and time elapsed between treat- 
ments are indicated in Results. 


Results. The effect of tranylcypromine on 
brain amines of rats is illustrated in Fig. 1. 
Two mg/kg i.p. of the drug caused an in- 
crease of brain 5 HT which reached its peak 
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FIG. 1. Effect of d-l-tranyleypromine (2 mg/kg) on rat brain stem serotonin and norepi- 


nephrine concentration. 


FIG. 2. Effect of reserpine alone and d-l-tranyleypromine 24 hr after reserpine on concen- 


trations of rat brain stem amines. 


FIG. 3. Effect of d-l-tranyleypromine given 1 hr after reserpine on rat brain stem amine 


concentrations, 
FIG, 4. Effeet of d-l-tranyleypromine and 


d-amphetamine on motor output of rats. 


FIG. 5. Effect of various doses of d-l-tranyleypromine and amphetamine on reserpine-in- 


duced blepharospasm in rats. 


within 4 to 6 hours and slowly declined 
toward control values during the next 6 
hours. This dose of MAOI caused a small 
rise of brain norepinephrine. Higher doses 
of tranylcypromine- induced a greater in- 
crease of catechol amines. The supernatant 
and precipitate of brain homogenates from 
rats given 2 mg/kg ip. of tranylcypromine 
were analyzed separately for 5 HT. The su- 
pernatant accumulated 5 HT faster than the 
precipitate. The maximal increase of 5 HT 
was 3.7 and 2.5 fold respectively; however, 
the 2 fractions reached equilibrium within 8 
hrs. 


Reserpine (2.5 mg/kg) decreased the con- 
centration of both 5 HT and norepinephrine 
in the brain stem of rats (Fig. 2). Depletion 
was greatest 12-26 hrs after injection, there- 
after both amines increased towards control 
values. In these rats blepharospasm  oc- 
curred 3 hrs after injection and endured for 
29 hrs thereafter. Forty hrs after reserpine 
5 HT levels were less than control but were 
equal to those present 3 hrs after reserpine 
when eyelid closure had not been estab- 
lished. In contrast, norepinephrine levels at 


this time equalled those found during blepha- 
rospasm. 


BroGENIc. AMINES AND EyeEtip CLosurE 


Tranylcypromine (4 mg/kg) given 24 hrs 
after reserpine (Fig. 2) abolished the ble- 
pharospasm and concomitantly elevated the 
5 HT concentration over control values. On 
the other hand, norepinephrine levels were 
only slightly elevated. Tranylcypromine (2 
mg/kg) given 1 hr after reserpine reversed 
the active eyelid closure for a period of 5 
hrs and the accompanying rise and fall of 5 
HT in the brain paralleled the degree of re- 
versal (Fig. 3). However, norepinephrine 
concentrations remained unchanged during 
period of reversal. 

An attempt was made to determine 
whether the 5 HT which accumulated after 
administration of tranylcypromine to rats 
pretreated with reserpine was preferentially 
concentrated in either supernatant or precipi- 
tate. No such preferential distribution was 
found. Chemical changes in each fraction 
paralleled the changes in the whole homoge- 
nate. 

Tranylcypromine and amphetamine are 
similar in chemical structure and both an- 
tagonized blepharospasm induced by reser- 
pine. They differed considerably however 
in their action on motor activity in normal 
rats (Fig. 4) and in their time course of ac- 
tion in reserpinized rats (Fig. 5). Doses of 
tranylcypromine which produced extensive 
accumulation of 5 HT in the brain did not 
increase motor activity in rats when com- 
pared with equimolar doses of amphetamine. 
At all dose levels studied, tranylcypromine 
was more effective 8 hrs after injection in an- 
tagonizing reserpine-induced blepharospasm 
than at 2 hrs. The reverse was true for am- 
phetamine. 

Discussion. Tranylcypromine, an effective 
inhibitor of MAO(6), increased brain stem 
5 HT levels markedly in both normal and 
reserpinized rats (Fig. 1, 2, 3). Norepine- 
phrine levels were not elevated as much. 
Amphetamine and tranylcypromine both re- 
versed reserpine-induced active eyelid clos- 
ure. The antagonism displayed by tranylcy- 
promine was related to its antienzymatic ac- 
tion rather than to an amphetamine-like cen- 
tral nervous system stimulation for the fol- 
lowing reasons: (a) In normal animals 5 pm/ 
kg of tranylcypromine did not affect motor 
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output when compared with 5 »m/kg of am- 
phetamine (Fig. 4). (b) This dose of tran- 
ylcypromine was still effective on eyelid 
closure 8 hrs after injection whereas amphe- 
tamine was maximally effective 2 hrs after in- 
jection and was not effective 6 hrs thereafter 
(Fig. 5). (c) The antagonism produced by 
MAOI was paralleled by an increase of brain 
stem 5 HT. (d) It is unlikely that ampheta- 
mine reverses eyelid closure by restoring the 
deficit of brain norepinephrine since the 
MAOI reversed reserpine effects without 
markedly changing norepinephrine concen- 
trations. 

These results therefore support Brodie’s 
hypothesis(7) that release of brain 5 HT 
rather than norepinephrine is important for 
understanding the mechanism of action of 
reserpine. Other amines such as dopamine 
may also be important. These findings do 
not clarify the mode of action of reserpine on 
5 HT binding sites. It may be suggested 
that adverse effects of reserpine on 5 HT 
transport mechanisms(8) can be overcome 
only when appropriate concentrations of free 
5 HT are accumulated intracellularly as a 
result of MAO inhibition. For example, 
when 5 HT concentrations in the brain stem 
were brought back to control levels (Fig. 2, 
3) reserpine-induced blepharospasm was 
abolished. It is not clear why tranylcypro- 
mine had less effect on brain norepinephrine 
than on brain 5 HT. This finding could re- 
sult from either slower turnover of norepine- 
phrine or lack of action of tranylcypromine 
on other enzyme systems involved in the 
metabolism of norepinephrine in brain tissue 
(9). 

Summary.  Reserpine-induced closure of 
the eyelids is antagonized by amphetamine 
and tranylcypromine via different mechan- 
isms. Antagonism by tranylcypromine is a 
function of increased 5 HT content in the 
brain stem but is independent of changes in 
norepineprine concentration. 
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Effect of Drugs on Amino Acid Levels in Brain: Excitants and 
Depressants. (26446) 


R. S. De Ropp anp E. H. SNEDEKER (Introduced by B. L. Hutchings) 
Biochemistry Research Dept., Biochemical Research Section, Lederle Laboratories Division, 
American Cyanamid Co., Pearl River, N. Y. 


Previous studies on the action of drugs on 
amino acid levels in the brain have brought 
to light a variety of effects. Okumura, e¢ al. 
(1), using ion exchange chromatography to 
analyze brain amino acids, found that re- 
peated injections of chlorpromazine produced 
a rise in glutamine, aspartic acid and y- 
aminobutyric acid (GABA). Repeated elec- 
troshock treatment and repeated injections of 
8-phenylisopropylmethylamine produced no 
marked changes in free amino acid levels, al- 
though the latter produced an increase in N- 
acetylaspartic acid. That a reduction occurs 
in the level of GABA in brains of rats 
treated with semicarbazide was demonstrated 
by Killam and Bain(2), but this effect was 
not observed in animals with seizures induced 
by pentylenetetrazole. Baxter and Roberts 
(3) found significant increases in GABA lev- 
els in brains of rats treated with hydroxyla- 
mine. 

The effect of 4 hypoglycemic agents on free 
amino acid levels in the rat brain has been 
described(4). The present paper describes 
results obtained by applying the same analy- 
tical procedures(5) to a study of a larger 
group of agents affecting the central nervous 
system. These were divided into compounds 
exerting a predominantly stimulating effect 
(including the so-called hallucinogens, mes- 
caline and LSD) and compounds exerting a 
predominantly depressing effect (hypnotics, 
analgesics and “tranquilizing” agents). 

Experimental. A. Design of experiments. 
Wistar rats (250 g males) were fasted 24 


hours, then injected with the material to be 
tested dissolved in normal saline. Amounts 
injected varied and have been recorded under 
Results. The amount of time allowed for the 
drug to act also varied. In every experiment 
6 groups of 5 rats were used, the experiment 
being so designed that 2 groups functioned 
as controls (injected with normal saline), 2 
groups received one compound to be tested, 
and the remaining 2 groups received the sec- 
ond compound to be tested. Thus each ex- 
periment consisted of 30 rats distributed as 
shown below: 


Compound Compound 


Group Control A B . Total 
i 5 5 5 iUg5) 
Il 5 5 5 15 

10 10 10 30 


Each of these unit experiments was re- 
peated 2 or more times, the brains being ex- 
tracted in one experiment with picric acid 
and in the other with alcohol. Both extrac- 
tion procedures and chromatographic meth- 
ods of determining amino acid levels have 
been described(5). 


Estimations of the significance of treat- 
ment effects were made by the method of 
paired replicates as described by Snedecor 
(6). This involved obtaining the difference 
in density reading between each of the 
treated groups and its own control in each 
experiment. From the sum of such differ- 
ences derived from all the experiments car- 
ried out, a mean difference was obtained, the 


of 

P. eth. 
amine 
119 (2) 
92 (6) 


(No. 


Etoh. 
amine 
145 (4) 


AVERT 


102 (5) 


Ala. 


184 (10) 
119 (13) 


166 ( 4) 


GABA 


62 (13) 


107 (14) 
115 ( 4) 


Amino acid 


Gly. Ser. 
109 (2) 


113 (6) 


Glu. NH, 


87 (10) 
97 ( 9) 


110 ( 4) 


estimates in parentheses. ) 
Glu. 


106 (12) 
109 (10) 
110 (10) 


Asp. 
81( 4) 
98 (10) 
95 ( 6) 
104 ( 6) 


93 ( 9) 


GSH 
102 ( 6) 
103 (11) 
130 ( 4) 
102 ( 8) 
104 ( 8) 
120 ( 8) 


4 


100 
500 


(recovery ) 


” 


Treatment 


Electroshock (convulsion) 


Pentylenetetrazole 
Semicarbazide 


Strychnine 


TABLE I, Free Amino Acid Levels (As % of Controls) in Brains of Rats Treated with Agents Having Predominantly Stimulating Effects. 
Picrotoxin 
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standard error of which was used to obtain 
beet. A a value for t and a corresponding value for P. 
Increases or decreases in amino acid levels 
ex have been expressed as percentages of the 
se I relevant controls and the significance of the 
iS changes, calculated as described above, has 
been recorded. Following accepted usage 
> values of P of .001 or less have been regarded 
poesia as highly significant, between .01 and .001 as 
Pe tt Sd significant and between .05 and .01 as pos- 
sibly significant. 
GSES Results. A. Stimulants. The effects on 
ED brain amino acid levels of 10 agents exerting 
HEARS a predominantly stimulating effect on the 
central nervous system are shown in Table I. 
SSEES The following clinical effects and significant 
eae: changes in amino acid levels were observed. 
SSH Ss Pentylenetetrazole (100 mg/kg) produced 
severe convulsions. The rats were killed 30 
minutes after injection when these convul- 
The sions were at their height. Significant 
changes in amino acid levels (expressed as 
percentages of controls) were glutamic, 87% 
SOeaS (P<.01); glutamine, 113% (P<.02); ala- 
Su cere nine, 184% (P<.001). A rise in ethanola- 
= Se et mine (145%), though large, was of question- 
able significance. 
aoa ae Semicarbazide (500 mg/kg) produced con- 
SCS sain vulsions 45 to 60 minutes after treatment. 
= a Rats were killed during these convulsions. 
Significant changes in amino acid levels were 
Rat GABA, 62% (P<.001) and alanine, 119% 
Wt TU (P01); 
Hom Oo bk © 0 = 
BOAO Strychnine (4 mg/kg) produced severe 
convulsions 10 minutes after injection. The 
GEOSaF rats were killed during these convulsions. A 
WL Ce significant rise took place in the level of 
Bor OS alanine (166%, P<.01). A rise in GABA 
(115%) was of questionable significance. 
oe Picrotoxin (12 mg/kg) produced convul- 
esese sions during which the animals were killed. 
SUNS ye TS The rise in level of alanine was highly sig- 
nificant (151%, P<.001). The rise in phos- 
phoethanolamine (141%) was not consis- 
tent enough to be significant. 
Electroshock (150 mA) was applied di- 
2 5 rectly to the cornea for 0.3 seconds. Rats 
aE = went into convulsions followed by coma. 
Bo ‘a Half of the rats were killed during the con- 
as a 3B vulsions (about 30 seconds after shock), the 
Saga aie other half as they were recovering from the 


2 Se 
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coma (about 15 minutes after shock). In the 


» 
E brains of rats killed during convulsions there 
= was a rise in alanine (128%, P<.02). In the 
= brains of rats killed during the recovery stage 
: ag oe oa this rise was still present (alanine, 131%). 
A 5s te | 21 ii tretl The rises in phosphoethanolamine observed 
: = eT aa were of doubtful significance. 
y es ees Caffeine (240 mg/kg) did not produce any 
5 7 |aAYa Swann & obvious excitation in the rats which were- 
= Sd ie res Se ae killed 1% hours after injection. A rise in 
S i . alanine (115%) was observed but its signifi- 
=. Fe pe y n ah eaes TN cance was doubtful. Pheniprazine (80 mg/ 
A Site eas hal me nes wes kg) produced excitement in the rats which 
Bs a|aasoragn 40 became extremely vicious. They were killed 
E Sy eels 2% hours after injection. A rise in level of 
3 Wisbxas! 2 4 alanine to 130% of controls was highly sig- 
= <q | WS ines tooo HE nificant (P .001). A rise in level of ethanol- 
A rg < Boa er =o = amine (117%) was of questionable signifi- 
oy Co eS a os cance. Amphetamine (100 mg/kg) produced 
a g extreme excitement in the rats which were 
Sele OO killed while in the excited state. A rise in 
zg é jal | os | 3 | I 3 oe 2 pe tee ed ee She 
i signiican <td : all in (6) 
a5 oh Pee ee Oy ee Oe 83% was apparently significant (P .01) but 
e : Z Se oe a = considerable variation occurred in the magni- 
Ze 2 SYA SSHSS CS tude of this effect in different experiments. 
ae The effects of 2 hallucinogenic drugs on 
* Ps SOECEG GSAS brain amino acid levels were compared. Mes- 
ee SWS See caline (240 mg/kg) produced extreme excite- 
aa Oloatr HOM HH Hw 2 ‘ Aa 

ee SAR SHG SHES ment in the rats which fought so viciously 
: that they had to be separated. They were 
‘z DOS OSE SORE killed while in the excited state. A rise in 
fa ol er er array irene teeae * alanine (130%) was significant (P<.01). A 
5 Si SSESSSSENS fall in glutathione (86%) was of doubtful 
2 significance. Lysergic acid diethylamide 
is a een oats Seedy (200 wg/kg) did not have an outwardly ob- 
a Hn qa ae servable effect on the rats. They were killed 
> SOC cde Ak lk ale SS 24% hours after injection. No significant 
x pee arban changes in level of their amino acids could be 
= detected. 

on z2 sseocesses Bb: Depressants. The effects of 2 hypnotic 
s AY AGA AN Hie a agents on brain amino acid levels were com- 
< . pared. Phenobarbital (120 mg/kg) reduced 
a ‘: P the rats to a state of somnolence in which 
s od a condition they were killed 3% to 4 hours 
3 2 ekg anes after injection. A fall in glutamic acid to 
fy 2) ag = ofhed ¢ 86% of controls was significant (P<.01) and 
4 E a a ee B's 4 a fall in level of GABA to 88% was also sig- 
= oH B.S 2 $55 as Ee nificant (P<.01). Chloral hydrate (240 
5 Sas ese aas mg/kg) did not produce observable effects 
a on the rats which were killed 3% to 4 hours 
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after injection. No significant changes in 
brain amino acid levels could be detected in 
animals treated with this drug. 

Acetazolamide (500 mg/kg) did not pro- 
duce observable physiological effects but low- 
ered the level of brain glutamic acid to 84% 
of control value (P<.01) and lowered GABA 
level to 82% (P nearly .02). Diphenylhy- 
dantoin (400 mg/kg) also produced no ob- 
servable effect and did not significantly alter 
levels of brain amino acids. 

The effects of 4 tranquilizing agents were 
compared. Meprobamate (260 mg/kg) pro- 
duced symptoms of ataxia in the rats which 
were sacrificed 314 hours after injection of 
the drug. No significant changes in levels of 
amino acids could be detected in the brains 
of these animals. Chlorpromazine (100 mg/ 
kg) induced a semi-comatose condition in the 
rats which were sacrificed 4 hours after in- 
jection. A rise in glutamine to 141% of con- 
trol level was highly significant (P<.001). 
A rise in alanine to 118% was also significant 
(P nearly .001). Methoxypromazine (200 
mg/kg) produced drowsiness in the animals 
which were sacrificed 4 hours after injection. 
Like chlorpromazine this drug produced a 
rise in level of brain glutamine (120%) which 
was significant. It also produced a signifi- 
cant rise in alanine (130%, P<.01). Reser- 
pine was administered at the rate of 50 mg/ 
kg per day for 3 days. The animals re- 
mained asleep for the last 24 hours and were 
sacrificed while in that state. No significant 
changes in brain amino acid levels were ob- 
served. 

One analgesic, morphine, was tested at 2 
dose levels, 240 and 10 mg/kg. At the very 
high level this drug produced a fall in as- 
partic acid to 76% of the controls and of glu- 
tamic acid to 71%. At the lower dose it did 
not produce significant changes in brain 
amino acid levels. 

Discussion. This study was designed to 
determine whether agents having in common 
a certain type of physiological action would 
also have certain common effects on the me- 
tabolism of the brain as reflected in the level 
of free amino acids in this organ. The 4 con- 
vulsant agents tested had one property in 
common with electroshock. All of them 
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brought about a rise in level of brain alanine 
ranging from 19% increase produced by 
semicarbazide to 84% increase produced by 
pentylenetetrazole. Semicarbazide has al- 
ready been shown by Killam and Bain(2) to 
produce a fall in level of GABA in the brain, 
a finding which is confirmed by the present 
work. Such a fall in GABA was not pro- 
duced by the other convulsants tested. It is 
impossible, for this reason, to attribute the 
convulsant action of all these agents to a 
lowering of the level of GABA. Several of 
these drugs produced rises in level of ethanol- 
amine but because of the low level of this 
compound in the brain the significance of the 
rise was questionable. 

The excitant drugs, pheniprazine and am- 
phetamine, shared with the convulsant agents 
the property of increasing brain alanine lev- 
els. Caffeine, a milder excitant, did not have 
this capacity. The hallucinogen, mescaline, 
produced excitation in the rats and also pro- 
duced the rise in brain alanine characteristic 
of excitants. Lysergic acid diethylamide did 
not produce excitation and had no effect on 
alanine levels. 

The hypnotic agent, phenobarbital, pro- 
duced a fall in level of both glutamic acid and 
GABA in the brain, but the chemically un- 
related hypnotic, chloral hydrate, did not 
have this effect. The anti-convulsant, aceta- 
zolamide, resembled phenobarbital in pro- 
ducing a fall in level of glutamic acid and 
GABA, but a second anti-convulsant, diphe- 
nylhydantoin, did not have this effect. Ac- 
cording to Woodbury and Vernadkis(7) in- 
jections of diphenylhydantoin will raise the 
level of GABA in the rat brain provided the 
animals have been adrenalectomized. Baxter 
and Roberts(3) found that ‘only slight and 
inconsistent elevations in the GABA levels” 
were produced in the brains of rats injected 
with acetazolamide. It does not appear that 
these anti-convulsants can exert their action 
by raising GABA levels. 

The 2 phenothiazine tranquilizers, chlor- 
promazine and methoxypromazine both 
brought about a rise in level of brain gluta- 
mine. Okumura et al.(1) using chlorproma- 
zine also detected such a rise. A rise in brain 
alanine was also produced by these 2 sub- 
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stances. Neither reserpine nor meprobamate 
produced significant change in level of brain 
amino acids. The analgesic, morphine, 
though it produced a lowering in aspartic 
and glutamic acid levels when an excessively 
high dose was used, did not exert any effect 
at a dose level which was still quite adequate 
to produce analgesia. 

Thus, the only correlation between phar- 
macological activity and biochemical action 
which emerges from this work is that between 
the rise in brain alanine and convulsant or 
excitant activity. Even this is not clear cut 
because the two phenothiazine tranquilizers 
tested both produced a rise in alanine levels 
in the brain although they are not excitants. 
The rise in glutamine produced by chlorpro- 
mazine and methoxypromazine may be char- 
acteristic of phenothiazines in general but 
can hardly be correlated with tranquilizing 
activity as neither meprobamate nor reser- 
pine exerted this effect. 

Summary. 1. Effect of electroshock and 
18 chemical agents (pentylenetetrazole, semi- 
carbazide, strychnine, picrotoxin, caffeine, 
pheniprazine, amphetamine, mescaline, LSD, 
phenobarbital, chloral hydrate, acetazol- 
amide, diphenylhydantoin, meprobamate, 
chlorpromazine, methoxypromazine, _ reser- 
pine and morphine) was determined on the 
level of 10 ninhydrin-reacting compounds in 
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the rat brain (glutathione, phosphoethanol-— 
amine, aspartic acid, glutamic acid, GABA, 
glutamine, glycine -+ serine, alanine, taurine 
and ethanolamine). 2. The  convulsant 
agents, pentylenetetrazole, semicarbazide, 
strychnine, picrotoxin and electroshock as 
well as the excitants, pheniprazine, amphet- 
amine and mescaline, brought about signifi- 
cant rises in free alanine in the brain. Low- 
ering of the GABA levels to 60% of that of 
the controls was brought about by semicarba- 
zide but not by any of the other convulsant 
agents. 3. Two phenothiazine tranqui- 
lizers chlorpromazine and methoxypromazine, 
brought about a significant rise in level of 
brain glutamine. 
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Rona and Reinicke(1) demonstrated that 
serum lipase, using tributyrin as substrate, 
was inhibited by quinine such that the loga- 
rithm of the inhibitor concentration plotted 
against the velocity of the reaction produced 
a straight line. A protective effect of tributy- 
rin was not observed. Later, Hellerman e¢ 
al.(2) mentioned that both quinine and ata- 


* This study was supported by a grant from 
Southeastern Heart Assn. and Pennsylvania Heart 
Assn. 


brine inhibited pancreatic lipase reversibly, 
although no data were presented. 


No reports have been seen in the literature 
which describe the action of quinidine upon 
triacetin utilizing activity (TUA). Quini- 
dine, a stereosomer of quinine, appears to 
differ from quinine only in the spatial ar- 
rangement of the asymmetric carbon 3, the 
arrangements of the asymmetric centers, car- 
bons 1, 2 and 4 apparently being identical 


(3), 


QUINIDINE AND TRIACETIN METABOLISM 701 


H 
He Zs RE 
HOH: H Hp CHe 
“oh Ry 


Quinidine is dextrorotatory compared to the 
levorotatory character of quinine. Quini- 
dine is of special importance in treatment of 
cardiac arrhythmias and is administered in 
levels which feasibly could result in inhibi- 
ton of intestinal triglyceride breakdown, pre- 
sumably a beneficial side effect in cardiac pa- 
tients. 

Quinine is generally known to act as a 
competitive inhibitor of flavineadeninedinu- 
cleotide coenzymes in a fashion similar to 
quinolines and auramines(2). 

The present paper reports upon the nature 
of the interaction of quinidine and pancreatic 
TUA. Some of the features of this interac- 
tion have been reproduced with wheat germ 
lipase. 

Experimental. A dried hog pancreatic 
preparation was obtained commercially from 
Nutritional Biochemicals Corp. (Cleveland, 
Ohio) and wheat germ lipase, prepared ac- 
cording to the specifications of Singer(4), was 
obtained from the same commercial source. 
TUA Assay. Essentially, the manometric 
method of Singer and Hofstee(5) for lipase 
was used. A nitrogen atmosphere was used 
throughout the studies. Linearity of enzyme 
concentration and carbon dioxide production 
occurred over a given range and all studies 
were conducted within these limits. Data 
obtained with wheat germ lipase also re- 
flected enzyme levels which produced a lin- 
ear relationship to carbon dioxide evolution. 
Triacetin was used as the substrate in all 
cases and was added from the side arm after 
10 minutes incubation at 37°C under nitro- 
gen unless otherwise indicated. Readings 
were made every 10 minutes for one hour or 
longer. 

Results and discussion. The effect of in- 
creasing concentrations of quinidine sulfate 


upon TUA is shown by Fig. 1. A marked 
inhibition of TUA is not observed until the 
level of quinidine sulfate is greater than 10% 
M. However, some depression of TUA ac- 
tivity (Fig. 1) occurred in the region of 
10° M which appeared to be statistically sig- 
nificant. The level of 5.10% M quinidine 
was therefore selected to determine the ki- 
netic behavior of this interaction. 

The results of a typical Ackermann-Potter 
type inhibition curve(6) suggested a revers- 
ible inhibition. This was confirmed using 
double reciprocal plots of the Lineweaver- 
Burk type(7). Since the inhibition was 
thought to be of the reversible type, an ex- 
periment was designed to test the possible re- 
versal of quinidine sulfate inhibition by sub- 
strate. A typical result of such a study, 
shown in Fig. 2, shows the possibility for at 
least partial reversal of inhibition by sub- 
strate addition. Curve D has a greater slope 
than the reversal curve B, which indicates 
that the reversal is incomplete and may be 
calculated to show that the reversal under 
these conditions amounts to about 70%. 

Because the inhibition was reversible by 
substrate an experiment was designed to test 
the possibility of substrate protection. <A 
typical result is demonstrated in Fig. 3. Lit- 
tle or no substrate protection is afforded un- 
der these conditions, and curiously enough, 
a similar result was obtained by Rona and 
Reinicke(1) who used human serum lipase, 
tributyrin substrate, and quinine as the in- 
hibitor. 

Fig. 4 illustrates the effect of heparin upon 
TUA activity in presence or absence of quini- 
dine sulfate. Ten mg heparin per vessel pro- 
duced about 30% inhibition of TUA activity 
and in the presence of quinidine, inhibition 
is increased by heparin by about 20%. This 
suggests that heparin and quinidine may op- 
erate at different loci. Inhibition of TUA 
with Tween 60 as substrate, by 5.10* M 
heparin has been reported by Katz(8). 

The effects of various metals upon TUA 
activity are represented in Table I. Fe*® is 
practically without effect and does not influ- 
ence quinidine inhibition. On the other 
hand, both Cut? and Mg™® are inhibitory. 
The presence of Cu’ ion slightly increases 
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HIG. 1. Effect of quinidine sulfate on TUA activity. Illustrates one of 21 similar experi- 


ments. 

FIG. 2. Partial reversal of quinidine sulfate inhibition of TUA activity by triacetin sub- 
strate. Curve A, 5.10% mM quinidine sulfate in suspension was incubated with the test system | 
using 265 wmoles triacetin in the standard system; Curve B, same system as in A except that 
530 wmoles triacetin are added after 40 min. of incubation. Curve C, standard system ineubated | 
with 265 wmoles triacetin in absence of quinidine sulfate, Curve D, same system as in © except 
that 530 ywmoles triacetin are added after 40 min. of incubation. Illustrates one of 6 similar ex- 
periments. 

FIG. 3. Attempt to protect from quinidine inhibition by substrate. Curve A, standard SYS- 
tem with 795 ,imoles triacetin, Curve B, same system as in A except that 5.10° m quinidine sul- 
fate is added after 30 min, incubation, Curve ©, standard system as in A except that 5.10% M 
quinidine sulfate is added at time zero. Illustrates one of 5 similar experiments. 

FIG. 4. Effects of heparin upon TUA activity in presence or absence of 5.10 ot quinidine 
sulfate. Ten mg heparin was used per system. Illustrates one of 6 similar experiments. 


the inhibition by quinidine, however, Mg‘? it would be expected that the reaction would 
ions do not appear to elicit a similar response. be stimulated by a Mass Action effect. The 
It is assumed that the metals are probably _ possibility, however, cannot be completely 
not forming significant quantities of soaps ruled out. These studies were extended to | 
with the released fatty acids, in which case determine what effect, if any, ethylenedia- 
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TABLE I. Effects of Metals upon Pancreatic TUA in Presence or Absence of Quinidine, 
a Se a eg ee ee Ue ee TO 
—————————————————————————————————————— EE 


No. of TUA activity % otf 
Exp. exp. (ul CO,/30 min.) control exp. 
Coutrol 6 556 + 26t 100 
ae + quinidine sulfate* 6 178 + 5 ae 
"3 a FeCl; ; 3 500 + 25 9() 
++ quinidine sulfate + FeCl, 3 175 +11 32 
= + CuCl, 6 175 == 6 32 
+ quinidine sulfate + CuCl. 6 102 + 9 18 
x “+ MgCl, 3 420 + 56 76 
+ quinidine sulfate + MgCl, 3 167 =. 3 30 


* Ratan eidiC soe : = : fy=e 
Concentrations used: Quinidine sulfate, 5.10 M suspension; FeCl,, or CuCl, or MgCl,, 10% 


M; all solutions adjusted to pH 7.0 before use. 
t+ + stand. error of mean. 

minetetraacetic acid (EDTA) would have 
upon TUA inhibition by Cu**. The results 
are presented in Table I]. Cu again en- 
hances inhibition by quinidine or vice versa. 
EDTA itself inhibits TUA activity, which 
suggests that a metal component may occur 
as an activator or stabilizer of TUA or that 
EDTA may prevent an hypothetical salt for- 
mation of the released free fatty acids which 
could produce an inhibition. The former hy- 
pothesis has received considerable support 
(9,10) and Wills(10) has recently confirmed 
TABLE II. Effect of EDTA on Pancreatic TUA 


and Its Inhibition by Cu and Its Stimulation by 
Ca** in Presence or Absence of Quinidine. 


Relative TUA 
activity (ul 
No.of CO,/30 min.), 


Exp. exp. 9% of control 
Control 4 100 
i + quinidine SO,t 4 27 23=31)* 
y + Cu acetate 4 28 ( 24-37) 
og + quinidine SO, + 4 15 ( 10-18) 
Cu acetate 
4 + EDTA 4 ( 27-40) 
‘ + quinidine SO, + 4 21( 14-41) 
EDTA 
+ Cu acetate + 4 52 ( 39-64) 
EDTA 
x + quinidine SO, + 4 24 ( 13-40) 


Cu acetate + EDTA 


+ CaCl, 4 145 (125-160) 
‘3 + CaCl, + EDTA 4 54 ( 49-67) 
, + quinidine SO, + 4 34 ( 30-41) 
CaCl, 
4 + quinidine SO, + 4 TiC 4-12) 


CaCl, + EDTA 


* Range. 

+ Concentrations used: Quinidine SO,, 5.10-* M in 
suspension; cupric acetate, 10°mM; EDTA, 10% ™; 
CaCl, 10°; all solutions adjusted to pH 7.0 be- 
fore use, 


that Ca** acts as a stabilizing metal for li- 
pase. The data shown in Table II indicate 
a stimulation of TUA activity by Ca and 
more specifically that inhibition of TUA ac- 
tivity by EDTA is in part reversed by Ca*® 
ions. TUA is only slightly stimulated even 
in the presence of quinidine which may sug- 
gest that the action of quinidine may not in- 
volve the Ca** ion site on the enzyme. 


Comparisons of kinetic studies show that 
quinidine gluconate is 2 to 3 times more ef- 
fective as an inhibitor of TUA than quini- 
dine sulfate, possibly because of its greater 
solubility. Quinine sulfate is shown by the 
inhibitor constant to be more effective than 
quinidine. A similar study was carried out 
with wheat germ lipase (WGL) and the ap- 
parent relationship between quinidine and 
quinine is also reflected in these experiments 
(Table III). The Michaelis-Menten con- 
stant for WGL is about one-half that for 
TUA using triacetin as substrate. Because 
triacetin is a low-molecular weight triglyce- 
ride it cannot be stated that the results with 
the pancreatic preparation are exclusively 
due to pancreatic lipase; on the other hand, 
many of the results have been reproduced 
with wheat germ lipase. 

Summary. Pancreatic TUA is reversibly 
inhibited by quinidine and quinine. Quini- 
dine inhibition can be reversed by triacetin 
to about 70%; however, protection by tri- 
acetin could not be demonstrated. Quinidine 
and related compounds are effective as in- 
hibitors of pancreatic triacetin utilizing ac- 
tivity in the following order: quinine sulfate 
>quinidine sulfate; quinidine gluconate> 
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TABLE III. In Vitro Inhibition of Wheat Germ Lipase by Suspensions of Quinidine Sulfate 
or Quinine Sulfate.* 


No. of KG K, 
Inhibitor exp. (moles triacetin/l) + SEM (+ SEM) 
Quinidine sulfate 5 28 te te Lee 1.0 = co) 10" 
Quinine sulfate 3 1.9 + .38-x< 107 Oe a= Oe LOe 


* Performed at 37°C under N, with a 10 min. preincubation. 


quinidine sulfate. To the extent tested, the 
same relationship holds for wheat germ lipase 
using triacetin as substrate. In the wheat 
germ lipase system the K; for quinidine sul- 
fate = 1 & 10°, and the K;, for quinine sul- 
fate == 5.4 > 10. “Heparin inhibits “the 
pancreatic TUA in presence or absence of 
quinidine. Metals, such as Cu‘? and Mg** 
inhibit this system and Cu‘? increases qui- 


nidine inhibition but Mg*? does not. Fe 
does not inhibit the system or interfere 
with quinidine inhibition. EDTA _ inhib- 


its this system by 70% at a level of 
10° M. This inhibition is partially reversed 
by Ca*? ions which also markedly stimulate 
TUA activity. EDTA does not greatly in- 
fluence quinidine inhibition. Cu inhibition 
is partially reversed by EDTA in spite of the 
fact that EDTA is an inhibitor. EDTA re- 
duces the stimulatory effect of Ca*?. Quini- 
dine inhibition is only slightly lessened by 


Oxidation of Ergosterol by Rat and Mouse Liver Mitochondria.*t 


Ca‘? so that it appears that the site of action — 


of quinidine may not involve a Ca‘ ion sta- 
bilizer. 
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That plant sterols may be absorbed by 
mammals was first suggested by Ellis and 
Gardner(1), who carried out experiments in- 
volving feeding of ordinary or ether-extracted 
feedstuffs to rabbits and found the liver sterol 
content of the group fed the untreated diet 
to be the greater. Since then, other workers, 
using more direct means, have demonstrated 
absorption of phytosterols such as sitosterol 
(2,3) and ergosterol(4,5) in a number of ex- 
perimental animals. The metabolic pathway 
of plant sterols is of interest since they com- 
prise a significant proportion of the sterol 


* Presented in part at Sth Internat. Conf. on Bio- 
chemical Problems of Lipids, Marseilles, France, July 
1960. 
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FIG. 1. Isolation of radioactive products from ineubation of ergosterol-C™ with liver mito- 
chondria. 


content of the average human diet. The ex- 
periments described here have demonstrated 
that ergosterol is readily oxidized by enzymes 
present in rat and mouse liver mitochondria. 

Methods. Ergosterol labelled with C!* was 
prepared biosynthetically from yeast grown 
in presence of formic acid-C'™, yielding er- 
gosterol-28-C!*(6,7) or sodium acetate-1-C"™, 
yielding ergosterol-U-C14(8) containing ra- 
dioactivity at carbon atom 25 inter locos 
(8,9). Cholesterol-26-C'* was synthesized 
according to the procedure of Dauben and 
Bradlow(10). Cholesterol-4-C'* was pur- 
chased from the New England Nuclear Corp., 
Boston, Mass. The 3a, 7a, 12a-trihydroxy- 
coprostan-26-oic acid was isolated from alli- 
gator bile(11). 

Mitochondria were isolated from the livers 
of male Wistar rats and Swiss Hygienic mice 
of both sexes. The procedure has been de- 
scribed in detail(12,13). The liver superna- 
tant fraction (SF) was prepared by boiling 
the solution remaining after removal of all 
particles from a liver homogenate by centri- 
fugation at 100,000  g for 25 minutes. 

Incubations were carried out at 37°C in 
stoppered 125 ml Erlenmeyer flasks with cen- 
ter wells containing 2.0 ml of 2.5N sodium 
hydroxide. Each flask contained washed 


mitochondrial preparation (1 ml), a sterol 
emulsion in 0.25 M tris (hydroxymethyl) 
aminomethane HCl, pH 8.5 (5 ml) and one 
ml of a solution containing the following: di- 
phosphopyridine nucleotide (5 mg), adeno- 
sine-5’-monophosphate (8 mg), adenosine 
triphosphate (25 mg), glutathione (15 mg), 
trisodium citrate monohydrate (30 mg), 
magnesium chloride (10 mg), potassium 
penicillin G (2000 U), and streptomycin sul- 
fate (1 mg). In addition 5 ml of SF or of 
10% (w/v) aqueous sucrose, was added to 
all incubations. 

At the end of incubation period sulfuric 
acid was added and the flasks re-stoppered 
and shaken for 3 hours to displace carbon di- 
oxide from the medium. The carbon dioxide 
trapped in the alkali present in the center 
well was precipitated as BaC!*O; with bar- 
ium chloride. Radioactivity of the bar- 
ium carbonate, suspended in a_thixotropic 
gel(12,13), was assayed in a Packard Tri 
Carb liquid scintillation counter. 

Neutral and acidic radioactive products 
were isolated from the incubation mixtures 
according to the scheme given in Fig. 1. 
The acidic material was chromatographed on 
paper according te the method of Beyreder 


and Rettenbacher-Daubner(14) using the 
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TABLE I, Oxidation of Ergosterol-28-C" and Ergosterol-U-C' by Rat and Mouse Liver Mito- 
chondria. 
ne 


% oxidation* 


Substrate Mitochondria — Exp. 1 Exp. 2 Exp. 3 Exp. 4 Exp. 5 
Nrgosterol-28-C™ Rat 3.6 2.4 
Mouse 1.3 1.8 
Ergosterol-U-C" Rat afk 2.2 3) 6 2.7 
ey (10.5) (33.0) (13.5) (9.0) (40.5) 
Mouse A) 9 AY) 
(13.5) (13.5) (18.5) 


* Computed as BaC''O;/substrate-C™. 


+ Recalculated assuming C“O, arises only from C,;. 


upper phase of the mixture glacial acetic 
acid: toluene: water—40:40:8 v/v as the sol- 
vent. For determination of R; values each 
chromatogram was cut into 1 cm strips which 
were counted directly, in the presence of 
scintillation medium, in a liquid scintillation 
counter. 

Results and discussion. Both ergosterol- 
28-C' and ergosterol-U-C™ were oxidized by 
rat and mouse liver mitochondria yielding ra- 
dioactive carbon dioxide (Table I). Parallel 
incubations without mitochondria or with 
boiled mitochondria gave no radioactive car- 
bon dioxide. Inclusion of penicillin and 
streptomycin in all incubations strengthens 
the conclusion that ergosterol oxidation was 
due to the liver mitochondria and not to any 
contaminating bacteria. 

The experimental conditions required for 
in vitro oxidation of ergosterol are similar to 
those under which the cholesterol side chain 
is oxidized(12,15). Especially noteworthy 
is the requirement for a thermostable factor 
(SF), present in the supernatant fraction of 
the liver homogenate, for optimal oxidation 
of both ergosterol and cholesterol (Table IT). 
This factor is apparently not identical with 
TPNH, nor with any other known enzyme 
for steroid metabolism(15). 


TABLE IT. Influence of Supernatant Fraction 
(SF) on Sterol Oxidation by Rat and Mouse Liver 
Mitochondria. 


% oxidation* 


Rat Mouse 
Substrate -SF -+SF -SF +8SF 
Ergosterol-28-C"! 2 7.5 7 3.3 
Ergosterol-U-C" 1.8 5.9 4 4,9 
Cholesterol-26-C" I 7.9 1 5.9 


* Computed as BaC“O,/substrate-C", 


Comparison of the relative yields of radio- 
active carbon dioxide at different time inter- 
vals from ergosterol-28-C'! and from _ er- 
gosterol-U-C™ (labelled at C2;) suggests 
that Cog maybe cleaved before Co; 
and the terminal isopropyl group (Table 
III). Since the C14-labelled steroids used in 


TABLE III. Relative Rates of Sterol Oxidation by 
Rat Liver Mitochondria. 


% oxidation* 


Substrate 3 hr 6 hr 18 hr 
Ergosterol-28-C™ 5.8 6.1 11.8 
Ergosterol-U-C 6 1.3 aly 
(Ergosterol-25-C") t (9.0) (19.5) (25.5) 
Cholesterol-26-C™* A 5.3 Wal 


* Computed as BaC'O,;/substrate-C™, 
+t Reealeulated assuming CO, from ergosterol-U- 
C™ arises only from C,;. 


these experiments were of different specific 
activities, no useful comparison can be made 
between absolute yields of radioactive carbon 
dioxide formed from the different substrates. 

In an effort to obtain an indication of the 
type of acidic products formed, from both 
ergosterol-C™ substrates, all incubations were 
worked up according to the scheme given in 
Fig. 1. Whereas an appreciable amount of 
radioactivity was recovered from all incuba- 
tions where ergosterol-U-C'* was the sub- 
strate, radioactivity was recovered in the 
acidic fraction of only one of the experiments 
with ergosterol-28-C!4. The acidic fractions 
obtained were combined and_ chromato- 
graphed on paper. These results were com- 
pared with those obtained on chromato- 
graphy of the acidic products isolated after 
incubations of cholesterol-4-C!* and choles- 
terol-26-C' with rat and mouse liver mito- 
chondria. Comparisons were also made with 
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TABLE IV. R, Values of Radioactive Acidic Produets Formed by Mitochondrial Oxidation of 


Sterols.* 
Substrate Mitochondria ==—W—— Ry—-,, 

Cholesterol-26-C™ Rat ali .94 

Mouse lel .93 
Cholesterol-4-C™ Rat 80 87 

Mouse slik Ue} 
Ergosterol-U-C™ Rat 20n .88 

Mouse 038 88 
Cholie acid (Reference Cpd) 82 
Trihydroxycoprostanie acid ( H ae) 89 


* Paper chromatography according to Beyreder and Rettenbacher-Daubner(14). 


chromatograms of cholic acid and trihydroxy- 
coprostanic acid (THCA). The results are 
presented in Table IV. 

In vivo experiments have shown that rat 
liver is able to oxidize several 27-carbon 
sterols to products resembling, but not iden- 
tical with, the normal bile acids formed from 
cholesterol(16,17,18). Conversion of Cag 
and Czy sterols such as ergosterol and sitos- 
terol to compounds resembling cholesterol has 
been adduced from experiments with beetles 
(19) and flies(20). That insects can meta- 
bolically alter the side chain and degree of 
unsaturation of sterols has been directly dem- 
onstrated in the conversion of ergosterol to 
22-dehydrocholesterol by cockroaches(21). 
Hanahan(4) and Glover(5) have found that 
ergosterol is converted to acidic material, 
“pseudo” bile acid in nature, in the rat and 
guinea pig, respectively. Werbin et al.(22, 
23) have presented evidence that, in the 
guinea pig, B-sitosterol is converted to corti- 
sol, acidic products and, probably, choles- 
terol. 

In animals, the principal pathway of cho- 
lesterol catabolism is through formation of 
bile acids by the liver(16). Our earlier ex- 
periments have shown that liver mitochon- 
dria readily oxidize the terminal carbon 
atoms of cholesterol. The experiments re- 
ported here indicate that ergosterol is de- 
graded in a similar fashion with removal of 
the “extra” methyl group (Css) and at least 
Cy; of the side chain, presumably as a conse- 
quence of the oxidation of the terminal iso- 
propyl group. The many similarities between 
the oxidation of cholesterol and of ergosterol 
in vitro suggest that the enzyme systems 


concerned are closely related to each other, 
if not identical. 

Paper chromatography of the radioactive 
acidic products also indicates the similarity 
of the metabolites of cholesterol and ergos- 
terol. Oxidation of cholesterol-4-C! by rat 
liver mitochondria yields 2 radioactive com- 
pounds whose R, values are similar to those 
of cholic and trihydroxycoprostanic acids. 
When incubated with mouse liver mitochon- 
dria, cholesterol-4-C! yields 2 radioactive 
compounds, one slightly less polar and one 
much more polar than trihydroxycoprostanic 
acid. When the substrate is cholesterol- 
26-C™ both rat and mouse liver mitochondria 
yield radioactive compounds whose R; values 
resemble the 2 obtained from oxidation of 
cholesterol-4-C!4 by mouse liver mitochon- 
dria. When cholesterol-26-C1!* is the sub- 
strate, no radioactive compound resembling 
cholic acid (in R, value) is obtained, as 
would be expected, although such a com- 
pound could be detected by spray reagents 
(13). Oxidation of ergosterol-U-C™ by ei- 
ther rat or mouse liver mitochondria vields 
the same 2 radioactive acidic compounds. 
One is more polar than the most polar sub- 
stance observed when cholesterol-C™ is the 
substrate; the other has an R; value akin to 
that of trihydroxycoprostanic acid. Hoshita 
(24,25) has recently demonstrated that the 
acid isolated from toad bile by Shimizu and 
Oda(26) (trihydroxybufosterocholenic acid) 
is 3a, 7a, 12a-trihydroxy-24-methyl-A**-co- 
prostenic acid. If this bile acid may be re- 
garded as a metabolite of ergosterol it is one 
in which ring saturation and hydroxylation 
similar to those observed in the initial stages 
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of cholesterol degradation have taken place. 
Such a compound could conceivably be that 
encountered by us in our chromatographic 
experiments. 

The physiological significance of our ob- 
servations is that plant sterols, absorbed from 
the intestine, can be degraded and presum- 
ably excreted via the bile in the form of 
water soluble acids. 

Summary. Oxidation of ergosterol-28-C™ 
and of ergosterol-U-C' by mitochondrial 
preparations from rat or mouse livers has 
been investigated. Either substrate yielded 
C¥O,. Ergosterol-U-C™ yielded radioactive 
neutral and acidic products, while ergosterol- 
28-C'! gave only neutral radioactive mate- 
rial. Among the acidic products obtained 
from ergosterol-U-C' was a radioactive acid 
with R; close to that of trihydroxycoprostanic 
acid. Similarities between the oxidation of 
cholesterol and ergosterol by liver mitochon- 
dria in vitro suggest that enzyme systems in- 
volved are closely related to each other, if 
not identical. 


1. Ellis, G. W., Gardner, J. A., Proc. Roy. Soc 
(London) 1912, vB84, 461. 

2. Gould, R. G., Trans. N. Y. Acad. Sci., 1955, v18, 
129. 

3. Swell, L., Boiter, T. A., Field, H., Jr., Treadwell, 
C. R., Nutrition, 1956, v58, 385. 

4. Hanahan, D. J., Wakil, S. J., Arch. Biochem. 
Biophys., 1953, v44, 150. 

5. Glover, J., Leat, W. M. F., Morton, R. A., Bio- 
chem. J., 1957, v66, 214. 

6. Danielsson, H., Bloch, K., J. Am. Chem. Soc., 
1957, v79, 500. 

7. Alexander, G. J., Gold, A. M., Schwenk, E., 


Endocrine Studies of Chlordiazepoxide.* 


ENDOCRINE STUDIES OF CHLORDIAZEPOXIDE 


J. Biol. Chem., 1958, v232, 599. 

8. Hanahan, D. J., Wakil, S. J.. J. Am. Chem. Soc. | 
1953, v75, 273. 

9, Dauben, W. G., Hutton, T. W., Boswell, G. A., 
ibid., 1959, v81, 403. 

10. Dauben, W. G., Bradlow, H. L., ibid., 1958, 
v72, 4248. 

11. Briggs, T., Whitehouse, M. W., Staple, E., 
Arch. Biochem. Biophys., 1959, v85, 275. 

12. Whitehouse, M. W., Staple, E., Gurin, S., J. 
Biol. Chem., 1959, v234, 276. 

13. Kritchevsky, D., Kolman, R. R., Whitehouse, 
M. W., Cottrell, M. C., Staple, E., J. Lipid Research, 
1959, vl, 83. 

14. Beyreder, J., Rettenbacher-Daubner, H., Mon- 
atsh., 1953, v84, 99. 

15. Whitehouse, M. W., Staple, E., Gurin, S., J. 
Biol. Chem., 1961, v236, 73. 

16. Bergstrom, S., Record Chem. Progress 1955, 
v16, 63. j 

17. Harold, F. M., Jayko, M. E., Chaikoff, I. L., 
J. Biol. Chem., 1955, v216, 439. 

18. Harold, F. M., Abraham, S., Chaikoff, I. Ly 
ibid., 1956, v221, 435. 

19. Beck, S. D., Kapadia, G. G., Science, 1957, v126, 
258. 

20. Bergmann, E. D., Levinson, Z. H., Nature, 
1958, v182, 723. 

21. Clark, A. J., Bloch, K., J. Biol..Chem., 1959, 
v234, 2589. 

22. Werbin, H., Chaikoff, I. L., Jones, E. E., bid. 
1959, v234, 282. 

Zon , tbid., 1960, v235, 1629. 

24. Hoshita, T., J. Biochem. (Japan), 1959, v46, 
507. 

25) , ibid., 1959, v46, 1551. 

26. Shimizu, T., Oda, T., Z. physiol. Chem., 1934 
v227, 74. 


Received January 6, 1961. P.S.E.B.M., 1961, v106. 


(26449) 


ALFRED. Boris, JOSEPH CosTELLO, MArRtE M. Gower AND JOAN A. WELSCH 
(Introduced by William Schallek) 
Dept. of Pharmacology, Hoffmann-La Roche, Nutley, N. J. 


Several reports in the literature indicate 
that psychotropic drugs of the phenothiazine 
and reserpine type have endocrine effects, 
particularly on the pituitary-gonadal axis 


* Librium®, Hoffmann-La Roche. 


(1-6). We therefore decided to study the > 
endocrine effects of chlordiazepoxide, a mem- 
ber of a new chemical class of compounds | 
possessing potent pharmacological activity in 
animals(7-8) and psychotropic effects in | 
man(9). 
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TABLE I. Endocrine Studies of Chlordiazepoxide. 
—VW0000———vvw—“wOoOCOCoCeeeSsSsS ves ee eee eeeeSE=™==  _ 


No. 
animals Tnitial 
Test per group body wt (g) Dosage Response 

Reduction in testes and prostate 7-10 50-60 2.5 or 5 mg/day s.c. or Negative 

wt in immature rats 50 mg/kg/day p.o. X 

; 10 days 

Prevention of ovarian hyper- a7, 50-60 5mg/day < 10 days s.e. pA 

trophy in parabiotie rats pairs ; 
Interruption of estrous cycle 7 250-260 50 or 100 mg/kg/day p.o. 

in rat x 5 days 
Prevention of ovulation in rabbit 6 2800-3000 25 or 50 mg/kg p.o. 1 hr i 

in response to mating prior to mating 
Prevention of goitrogenic activ- 9-10 220-230 10 mg/day X 14 days s.e. a 


ity of thiouracil 
Effect upon seminal vesicle and 8 
prostate wt in castrated rats 


Effect upon uterine wt in oyari- 10 


ectomized rats 


Progestational and anti-proges- 4 
tational activity in estrogen 
primed, intact rabbit 


” 


50-60 2.5 mg/day X 7 days s.e. 
and/or testosterone pro- 
pionate .05 mg/day X 
7 days s.¢. 

5 or 10 mg/day X 3 days 
s.c. and/or estradiol ben- 
zoate .0005 mg/day XK 3 
days s.¢. 

5, 10, or 20 mg/day X 5 
days p.o. and/or proges- 
terone 0.2 mg/day X 5 
days 8.c. 


85-90 


800-900 


Methods. Rats were obtained from 
Charles River Breeding Laboratories, Brook- 
line, Mass. Subcutaneous (s.c.) injections 
were given in sesame oil, while distilled water 
served as the vehicle in oral (p.o.) adminis- 
trations. Female rats were ovariectomized 
and united parabiotically with an intact fe- 
male partner on the day following ovariec- 
tomy. The ovariectomized parabiont re- 
ceived all injections. Rats used for estrous 
cycle studies were preselected for normal 
cycling. Vaginal smears were examined once 
daily during treatment. Thiouracil was ad- 
ministered in the drinking water as an 0.1% 
solution. Treatment of male castrates 
started one day after castration. Ovariecto- 
mized rats were used 4 days following ovari- 
ectomy. Progestational activity was deter- 
mined histologically in rabbits primed for 5 
days before chlordiazepoxide treatment with 
.006 mg estradiol benzoate per day s.c. 

Results and discussion. Table I indicates 
that chlordiazepoxide failed to manifest en- 
docrine effects in any of the procedures em- 
ployed at dosages which produce significant 
non-endocrine pharmacological effects in rats 
and other species(7-8). The lack of effect 
upon the pituitary-gonadal axis is particu- 


larly evident, since chlordiazepoxide was in- 
active in 4 different tests utilizing 2 species. 
In parallel studies with potent gonadotropin 
inhibitors such as estradiol or testosterone, 
reduction in testes weight of 60 to 70% oc- 
curred with dosages of .005 mg and 0.1 mg/ 
day, respectively, after 10 days administra- 
tion to intact immature male rats. 

The goitrogenic activity of thiouracil is de- 
pendent on increased output of thyrotropin 
from the pituitary, and thyroid enlargement 
does not occur in hypophysectomized, thio- 
uracil-treated animals(10). Consequently, 
the failure of chlordiazepoxide to prevent 
thiouracil-induced thyroid enlargement  in- 
dicates that chlordiazepoxide does not pos- 
sess anti-thyrotropic activity. 

Summary. Studies utilizing standard en- 
docrine technics indicate that chlordiazepox- 
ide does not possess gonadal hormone-like 
activity, anti-gonadal hormone activity, anti- 
goitrogenic activity, nor does it interfere 
with normal functioning of the pituitary- 
gonadal axis. 
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Recent studies have indicated that the A»- 
isoagglutinogen-like substance (A2IS) in ani- 
mal parasites may be associated with a col- 
lagenase complex. Thus the sera from rab- 
bits artificially immunized against the A,IS 
agglutinate human erythrocytes of Group O 
treated with tannic acid and exposed to col- 
lagenase prepared from various sources(1). 
Also, collagenase, like AsIS inhibits the az 
isoagglutinins in human sera of Groups B 
and O. The AosIS utilized in these studies was 
extracted from the cuticle of Ascaris and was 
used as a crude material. A purified AIS 
has been prepared which shows more activ- 
ity than the crude material with respect to 
inhibition of ay isoagglutinins and which is 
also serologically related to collagenase. 

Lewert eé al.(2) have shown that collage- 
nase-like enzymes are present in the larval 
forms of Schistosoma mansoni, Ancylostoma 
caninum and Strongyloides ratti. Collagen- 
like substances have also been described 
from various animal parasites(3,4) particu- 
larly from the cuticle of Ascaris, which con- 
stitutes a good source of AIS. Collagenase, 
therefore, is apparently present in animal 
parasites either as a component of their tis- 
sues or in their metabolic products. 

Materials and methods. Animal inocula- 
tions. Male rabbits weighing from 1.5 to 2 


* These investigations were supported by grants 
from Nat. Inst. Health, U.S.P.H.S., Bethesda, Md. 


kilos were artificially immunized with vari- 
ous substances as described previously(1). 
Dogs weighing 4.5 to 5 kilos were each in- 
jected intravenously with 2 to 3 mg of AglS, 
collagenase, pepsin and trypsint per kilo of 
body weight. The animals were observed 
closely for reactions to the various substances 
and were bled before injection and immedi- 
ately after death. Dogs were autopsied and 
tissues fixed for histopathological studies im- 
mediately after death. 


Preparation of purified A,JS. The crude 
and dry material obtained from Ascaris cuti- 
cle, according to the procedure described else- 
where(1) was reextracted with triple dis- 
tilled water at 4°C, centrifuged for 30 min- 
utes at 9000  G (International refrigerated 
centrifuge PR-1) and the supernatant dia- 
lyzed exhaustively against triple distilled 
water in a cold room for a period of 2 days 
with several changes. The dialyzed solution 
was then lyophilized. The lyophilized ma- 
terial will be referred to as “purified A,IS”’. 

Total protein analyses were carried out by 
the method of Lowry ef al.(5); total carbo- 
hydrate and cold trichloracetic acid-precipi- 


t Collagenase A—Nutritional Biochemical Corp., 
Cleveland, Ohio. 

Collagenase B—Mann Research Laboratories, New 
York. 

Pepsin and Trypsin—Difco Laboratories, Inc., De- | 
troit, Mich, 
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table-protein-bound-carbohydrates were de- 
termined colorimetrically according to Sie- 
bert(6). Electrophoresis was performed 
with “OXOID” Cellulose acetate strips, as 
described by Kohn(7). 

Agglutination tests. The substances to be 
tested for inhibition of the ay isoagglutinins 
in human sera of Groups B and O were first 
dissolved in the specific pH buffered saline 
for each substance, then diluted 2-fold in 
0.1 cc volumes of 0.85% sodium chlor- 
ide. One-tenth cc volume of Group O or 
B human sera was then added to the 0.1 
cc volume of the respective dilution of 
substance, and incubated at 37°C for 30 
minutes. Each serum-substance mixture was 
then diluted 2-fold, after which 0.1 cc of a 
2% suspension of washed human erythro- 
cytes of sub-group As was added. The serum 
erythrocyte mixture was left at room tem- 
perature for 1 hour and examined for agglu- 
tinated erythrocytes under the stereoscope at 
20. Substances tested for ay inhibitory ac- 
tivity were crude and purified AsIS, collage- 
nase, pepsin and trypsin. 

Sera from dogs injected with various sub- 
stances were tested for agglutinins against 
their own erythrocytes by mixing 0.1 cc 
volumes with 0.5 cc of a 2% suspension of 
the dogs’ own erythrocytes before and after 
injection which had been washed 3 times in 
saline. The mixtures in tubes were incu- 
bated at 37°C for 60 minutes, then portions 
were examined under the microscope at 
340. 

Hemagglutination tests were performed 
on human and animal sera following Boy- 
den’s technic(8), with slight modifications, 
as used by Kagan(9) in his studies concern- 
ing serological diagnosis of helminthic in- 
fections. Ten mg of the enzymes collage- 
nase, trypsin and pepsin were dissolved in 10 
cc of buffered saline at pH 8.8 and 5.5 re- 
spectively. The Group O human erythro- 
cytes treated with tannic acid were exposed 
for 10 to 15 minutes to the above concentra- 
tion of substances or to further dilutions, if 
necessary. Reference positive sera were ob- 
tained from rabbits immunized against AgdIS. 
As a daily procedure, known positive and 
negative sera were tested against Group O 
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tannic acid treated erythrocytes and exposed 
to the antigens. If the tests were positive to 
high titers with the known positive, and no 
agglutination was observed with the known 
negative sera, all of the remaining unknown 
sera were then tested. Sera from rabbits in- 
oculated with AsIS were tested against O-col- 
lagenase, O-trypsin and O-pepsin, and with 
the homologous O-A»sIS erythrocytes as well. 

The sera of rabbits immunized against 
AIS were treated with powdered collagenase, 
trypsin, pepsin and crude AsIS, and were 
then tested for agglutinins against O-A»IS 
erythrocytes. Five milligrams of the sub- 
stance was added to 0.5 cc of the serum 
mixed well by means of a 1 cc tissue homo- 
genizer, then incubated at 37°C for one hour. 
After incubation the mixture was centrifuged 
for 5 minutes at 1200 « g. Treated and un- 
treated sera were then tested for agglutinins 
against O-AgIS erythrocytes. 

Agar gel double diffusion tests were per- 
formed using the rapid slide technic described 
by Yakulis and Heller(10). Sera from rab- 
bits immunized against collagenase were 
tested against a 1:1,000 solution of the puri- 
fied A.IS and of collagenase. Normal rab- 
bit sera were also tested against collagenase 
as controls. The slides were incubated at 
37°C for several days and examined macro- 
scopically for presence of bands of precipi- 
tate. 

Results. Biochemical characteristics of the 
purified A,JIS. Preliminary determinations 
have revealed that only 22% of the crude 
material from the cuticle was water-soluble 
under the experimental conditions described. 
The electrophoretic patterns of purified AjIS 
indicated the presence of one slow-moving 
homogeneous protein (Fig. la) accompanied 
by a negligible impurity. Under the same 
electrophoretic conditions, the pattern of 
commercial collagenase showed mainly 2 frac- 
tions (Fig. 1b): the slow-moving one cor- 
responding to the AsIS protein. Therefore 
the electrophoretic similarities at pH 8.6 of 
these 2 proteins are apparent. 

The gross chemical composition of the 
A.IS protein is shown in Table I. The high 
content of carbohydrate in AsIS suggests that 
it is a glycoprotein. 
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FIG. 1, a and b. Electrophoretic patterns of puri- 
fied AIS and of collagenase showing similar slow- 
moving protein fractions. 

Inhibition of ag isoagglutinins by various 
substances. Of all substances tested, collage- 
nase and the purified A,IS were the ones 
which inhibited the og isoagglutinins in hu- 
man sera of Groups B and O, when using 
the lowest concentration of material. Acti- 
vity of the collagenase preparations varied 
from 4 to 20 pg per cc of serum. That of 
purified AsIS was similar to collagenase, 4 ug 
per ml of serum, Pepsin and crude AgIS in- 
hibited at a level of 350 and 2500 yg, respec- 
tively, while trypsin had no effect (Table II). 


TABLE I. Chemical Composition of Purified A,IS. 


Total Total car- Protein-bound Free ear- 
protein bohydrate carbohydrate  bohydrate 
% W/W* a 

1y 83 66.3 22.7 


* Expressed as % of dry wt. 


Hemagglutination reactions with rabbit an- 
tisera. Sera from rabbits immunized against 
AolIS reacted to high titers with the homolo- 
gous O-AsIS erythrocytes and with O-colla- 
genase, but not with O-pepsin or O-trypsin 
TABLE If. Inhibition of a, Isoagglutinins in Hu- 


man Serums of Groups B and O by Various Sub- 
stances. 


a» isoagglutinin titer 


Betore After treatment 
Enzyme or treatment pg/ee of 
substance used serum 
Crude A,IS 1:128 2,500 0) 
Purified A,IS 1:128 4 0 
Collagenase A 1:128 4 0 
‘ B 1:128 20 0 
Pepsin 1:128 350 0 
Trypsin 1:128 3,000 1:128 
4 1:128 5,000 1:128 
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treated erythrocytes. Treatment of these 
sera with AIS and with collagenase absorbed 
the antibody completely. Treatment of the 
sera with trypsin resulted in partial absorp- 
tion, but there was no absorption with pep- 
sin (Table III). 


TABLE III. Absorption of Hemagglutinins by 
Various Substances. 
Hemagglutinin titer against O-A,IS. 
erythrocytes 
Before treatment After treatment 
Substance of serum of serum 
Collagenase A 1:20,480 0 
Crude A,IS 1:40,960 0 
Purified AIS 1:40,960 0 
Pepsin 1:10,240 1:10,240 
Trypsin 1:40,960 1: 1,280 


Agar gel precipitin reactions. The rabbit 
anticollagenase sera reacted with a 1:1,000 
suspension of collagenase in saline as shown 
by the presence of one thin and one coarse 
band of precipitate. These antisera also re- 
acted with the 1:1,000 solution of purified 
AsIS from Ascaris cuticle. One major band 
could be clearly seen which coalesces with the 
coarse band formed with collagenase, (Fig. 
2). Normal rabbit sera did not react with 
collagenase or with the purified AgIS. 

Reactions to intravenous injection. The 
dogs which received injections of crude AsIS 
and of collagenase died within 4 hours there- 
after. The animals manifested symptoms of 
an anaphylactoid reaction, such as urination, 
defecation, vomiting and death. Urine and 
feces of the animals injected with collagenase 
were of a dark red color, indicating presence 
of blood. Sera from these dogs had agglutin- 
ins against the animals’ own erythrocytes. 
Agglutinins in animals injected with collage- 
nase were higher than those injected with 
AsIS (1:32 dilution of serum as compared 
with 1:2). Dogs injected with trypsin and 
pepsin did not manifest anaphylactoid reac- 
tions, and survived. 

Histopathological studies of liver and 
spleen of dogs injected with AIS and colla- 
genase also revealed marked congestion and 
agglutinated erythrocytes. Observations on 
changes in the kidneys and other organs will 
be reported later. 
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FIG. 2. Agar gel diffusion slide showing precipitin 
bands formed when anticollagenase sera (C) re- 
acted against A.IS (A) and collagenase (B). 

Discussion. These results indicate that 
the AIS from animal parasites is serologi- 
cally related to collagenase. Rabbit antisera 
against AsIS reacted positively with O cells 
coated with collagenase. No such reactions 
were observed with these sera against O cells 
coated with pepsin or trypsin. Furthermore, 
treatment of the rabbit antisera with collage- 
nase absorbed the hemagglutinins for O-A2IS 
erythrocytes. 

Further evidence for the serological rela- 
tionship between the Aj,IS substance and col- 
lagenase is seen in the agar gel double dif- 
fusion tests. The purified A2IS formed 2 
bands of precipitate when tested against the 
anticollagenase sera. The most prominent 
band coalesces with the coarse band observed 
when the same sera are tested against the 
homologous antigen collagenase. 

Another relationship is indicated by the 
electrophoretic patterns of both substances, 
which shows a similar slow moving compon- 
ent. 

Close serological relationships between 
AsIS and collagenase are thus indicated by: 
1. Specific action and degree of inhibitory 
activity against a, isoagglutinins in human 
sera of Groups O and B. 2. Cross reactions 
as observed in hemagglutination tests using 
AoIS rabbit antisera against Group O-colla- 
genase erythrocytes. Also the antibody 
against each substance was absorbed by the 
heterologous as well as by the homologous 
antigen. 3. Cross precipitin reactions ob- 
served in agar diffusion tests when anticolla- 
genase rabbit sera are tested against the 
A.IS. 4. Death of dogs when both sub- 
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stances are injected intravenously. The ani- 
mals die from an anaphylactoid reaction 
with similar reactions and histopathological 
observations. 


Collagenase, as prepared commercially 
from species of Clostridia is not a pure sub- 
stance and may have other active impurities. 
This is shown by the fact that 2 bands of 
precipitate are observed when tested against 
homologous antisera. One of the bands is 
coarse, which is the one coalescing with the 
major band formed when the serum is tested 
against the purified A»sIS. This indicates 
that the AIS may be present as part of the 
collagenase complex or as a contamination. 
The serological relationships discussed above 
indicate, however, that AsTS may be an im- 
portant part of the collagenase complex. Fur- 
ther studies on the antigenic and enzymatic 
properties of collagenase and AIS will un- 
doubtedly clarify this aspect. 

The presence of related antigenic sub- 
stances such as the AsIS found in Ascaris and 
in Clostridia is an illustration of a common 
antigen between helminths and _ bacteria 
which may be important in serological diag- 
nosis and host’s reactions. 

Death occurs when dogs are injected in- 
travenously with collagenase or A,IS. The 
mechanism of death is not understood, al- 
though autoagglutination of erythrocytes 
may be a factor. Apparently the substance 
adsorbs in vivo onto the dogs’ red cells and 
thus a reaction occurs between the a» agglu- 
tinins in the dog plasma and the dogs’ eryth- 
rocytes. The erythrocytes apparently change 
in antigenicity as a result of adsorption of the 
new antigen. This is indicated by the fact 
that the serum agglutinates erythrocytes ob- 
tained after inoculation of the A.IS and 
collagenase and not those obtained before 
inoculation. Jn vivo adsorption of collage- 
nase or like substances onto erythrocytes 
may take place during infection with organ- 
isms which secrete this substance. This 
may be the mechanism for autoagglutination 
of erythrocytes observed during some infec- 
tious processes. 

The anaphylactoid reaction observed in 
dogs after intravenous inoculation of collage- 
nase and of A.IS suggests that these sub- 
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stances are concerned in hypersensitivity re- 
actions, in which autoagglutination of eryth- 
rocytes and other pathological phenomena 
caused by allergens are involved. 

Summary. The Ag isoagglutinogen-like 
substance (AvIS) from animal parasites has 
been prepared in a purified form from crude 
extracts of the cuticle of Ascaris lumbricoides 
var suum. Preliminary chemical studies in- 
dicated that this substance is a glycoprotein. 
The AgIS is related to collagenase or a colla- 
genase complex, as shown by cross hemagglu- 
tination reactions between anticollagenase 
sera prepared in rabbits,.and the AsIS sub- 
stances adsorbed onto tannic acid treated 
Group O human erythrocytes. Also AgIS 
reacts with anticollagenase sera in agar dif- 
fusion slides with formation of one band of 
precipitate. The two substances are also im- 
munologically related as shown by the fact 
that they inhibit the az isoagglutinins in hu- 
man serum of Groups O and B when com- 
parable amount of each substance is used 


Renal Na-Reabsorption and O:-Uptake in Dogs During Hypoxia and 
Hydrochlorothiazide Infusion. 
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It seems well established that sodium re- 
absorption in the kidney is an active process, 
which requires the bulk of the oxygen con- 
sumed by the kidney. In recent reports of 
experiments on the dog kidney, it has been 
shown that there is a fixed relation between 
sodium reabsorption and oxygen consump- 
tion (mEq Na/net mmol O.). Thaysen, e¢ 
al.,(1) using different dogs with large in- 
dividual variations in rate of sodium reab- 
sorption, found a fairly constant Na/net O» 
ratio of 28.5. Following acute hemorrhage, 
so that no glomerular filtration and, there- 
fore, no sodium reabsorption occurred, basal 
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per ml of serum. AgIS and collagenase also | 
cause anaphylactoid symptoms and death | 
when injected intravenously into dogs. It | 
is suggested that collagenase or substances in 
the collagenase complex are present in infec- 
tious organisms which may be associated 
with hypersensitivity. 
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renal oxygen consumption was determined to |} 
be 1.0 pwmol/g kidney/min. Deetjen and } 
Kramer(2) found a ratio of 24 over a wide | 
range of sodium reabsorption in the same : 
dog. By compressing the aorta above the} 
renal artery, they were able to decrease the} 
tubular sodium load by decreasing the glome- . 
rular filtration rate with a resulting drop in| 
sodium reabsorption. By extrapolating from | 
these data, basal renal oxygen consumption, , 
i.e., when no sodium is reabsorbed, was cal- - 
culated to be 1.5 umol/g kidney/min. 

The present study was undertaken with) 
the following aims: (1) to decrease active re-- 
absorption of sodium and oxygen consump-- 
tion in the kidney by means of low arterial! 
oxygen pressure or administration of hydro-,; 
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chlorothiazide; (2) to determine the Na/net 
Oz ratio under these conditions when tubular 
load and renal blood flow were essentially un- 
changed; and (3) to gain information about 
basal renal oxygen consumption under the 
influence of hypoxia or hydrochlorothiazide. 

Twelve normal hydrated mongrels were 
anesthetized with nembutal (9 dogs) or with 
inactint (3 dogs). A tracheal tube was in- 
serted. After a left flank incision, a sinus- 
oidal electromagnetic flow meter was placed 
around the unopened left renal artery for 
continuous measurement of total renal blood 
flow. The flow meter amplifier was a modi- 
fied Kolin type(3). Mechanical zero for the 
flow meter was established either by cross- 
clamping the renal artery between flow meter 
and kidney for 2 to 5 sec., or by intravenous 
injection of 75 yg of epinephrine at the end 
of experiment. The deflections recorded by 
either method were identical. Femoral ar- 
terial pressure (using strain gauge) and renal 
blood flow were recorded on an Electronics 
for Medicine-DR8. Blood samples were col- 
lected by catheters inserted in the brachial 
artery and renal vein (via spermatic vein). 
The left ureter was cannulated close to the 
renal pelvis for urine samples. Renal oxy- 
gen uptake was calculated from renal blood 
flow (RBF) and renal A-V oxygen difference 
(Van Slyke-Neill). The creatinine infusion 
technic was applied for determination of 
glomerular filtration rate (GFR) (Beckman 
spectrophotometer). Amount of reabsorbed 
sodium was calculated as the difference be- 
tween tubular load and excretion (flame pho- 
tometer, Perkins Elmer). Serum and urine 
pH were measured with a Cambridge pH 
meter, and osmolalities in serum and urine 
by a Fiske osmometer. Hypoxia was pro- 
duced by connecting the tracheal tube to a 
reservoir containing a gas mixture of 7.2% 
oxygen and 5% COz in Ne. The arterial oxy- 
gen saturation under these conditions fell to 
an average of 35%. After a priming dose 
of 50 mg i.v., hydrochlorothiazide was in- 
fused at a rate of 50 mg/h while the dogs 
were breathing room-air. In the hypoxic, as 


t+ Na-ethyl-(1-methyl-propyl)-malonyl]-thio-urea, 
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TABLE I. Effect of Hypoxia and Hydrochloro- 
thiazide upon Renal Hemodynamics, O, Consump- 
tion and Hxeretion of Water and Solutes. 


Hydrochloro- 
Control Hypoxia  thiazide 
BP (mean), 125 133 120 
mm Hg 
RBF, ml/min. g 4.84 4.95 3.9 
GER, ml/min. ¢ 81 76 a(al 
Na load 126 117 105 
weq/min, g 
Na excretion ILI) 1.55 4,91 
% of load 
O.-consumption, 5.6 4.95 4.37 
umol/min. g 
UV, wl/min. g 16 22.4 317 
Urine pH 6.65 6.67 = 
Plasma pH 7.45 7.50 = 
U/P osm 2.96 2.1 2.01 
U/P creat. 76.02 53.02 24,41 
Com, wl/min. g 47.5 47.0 63.7 
vO. ul/min. g 31.5 24.6 32.0 
Na/net O, ratio 28.6 31.1 32.0 


well as in the hydrochlorothiazide group, the 
samples were taken after an initial 20 to 40 
minute period of equilibration. 

The average of the results is shown in 
Table I. In hypoxia, the arterial blood pres- 
sure and RBF are nearly unchanged but 
there is a slight decrease in GFR and tubular 
sodium load. In spite of the nearly un- 
changed tubular load, excreted sodium, ex- 
pressed in per cent of tubular load, is in- 
creased. There is a concomitant decrease in 
oxygen consumption during hypoxia. In ad- 
dition an increase in urine volume occurs 
with decreases in U/P osm and U/P creat. 
Serum pH and urine pH are nearly un- 
changed. Osmotic clearance is slightly ele- 
vated. TE falls from 31.5 to 24.6 pl/g kid- 


ney*min. The changes of renal function under 
hypoxia are reversible since after 20 minutes 
of room-air breathing control values were ob- 
tained. 

Under the influence of hydrochlorothiazide, 
the RBF is reduced from 4.8 to 3.9 ml blood/ 
g kidney + min, with a simultaneous decrease 
in GFR as well as in tubular sodium load. 
The per cent of filtered sodium excreted goes 
up from 1.19 to 4.91%. Renal oxygen con- 
sumption during hydrochlorothiazide infu- 
sion is the lowest in the individual experi- 
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OXYGEN CONSUMPTION’ (umol O, /min.g ) 


1 Jt at 
100 120 140 
REABSORBED SODIUM (eq Na/min g) 


FIG. 1. Renal oxygen consumption and sodium re- 
absorption in dogs. @, control; ©, hypoxia; xX, 
hydrochlorothiazide. 


ment, as well as in the group average, when 
compared to control and hypoxia. Urine vol- 
ume increases, as expected, with a concomi- 
tant decrease in U/P osm. and U/P creat. 
Cosm goes up from 47.5 to 65.2 pl/g kidney - 
min. TY, , remains essentially unchanged. 


In Fig. 1 Na-reabsorption of the individual 
experiments is plotted against oxygen con- 
sumption. A line drawn through the middle 
of the individual points intercepts the oxygen 
consumption axis at 1 »mol oxygen/g kidney - 
min, indicating basal renal oxygen consump- 
tion. There is no systematic deviation of any 
of the groups (control, hypoxia, hydrochloro- 
thiazide) from this line. 

In the last column of Table I the ratios 
Na/net Os are calculated for the 3 different 
groups (net O. = total oxygen consumption 
—hbasal renal oxygen consumption). 

The present data suggest that active so- 
dium reabsorption and net oxygen consump- 
tion in the dog kidney can be lowered pro- 
portionately during severe hypoxia. The 
fact that the alterations caused by hypoxia 
are abolished within 20 minutes after the 
dogs were again breathing room-air makes it 
unlikely that under these circumstances hor- 
monal influences were involved. Further- 
more, a respiratory alkalosis, which per se 
decreases sodium reabsorption, did not occur. 


RENAL NA-REABSORPTION AND Ov-UPTAKE 


The decrease in T {10 indicates that the effi- | 


ciency of the terminal concentrating mecha-_ 


nism in the medulla is diminished by hypoxia. 
Although it cannot be determined with cer- 
tainty, this diminution in Tf, , may be caused 


by a decrease of active sodium reabsorption in _ 


the medulla. 


Na/net Os ratios in all 3 groups are in the | 


same range, 7.e., between 28.6 and 32. The 


differences are not significant. 


and Kramer, but in accordance with Thay- 
sen et al. Thus, it seems to be well estab- 
lished that a fixed ratio exists in the mam- 
malian kidney which is higher than the fixed 
ratio of 16-20 in the frog skin or toad blad- 
der(4,5,6). In contrast to the frog skin or 
toad bladder studies where only active so- 
dium transport was measured, the method 
used deriving this ratio in the mammalian 
kidney has not excluded the influence of non- 
active sodium transport. Thus it may be that 
the ratio for active transported sodium in 
the mammalian kidney is somewhat lower. 

The fact that hypoxic as well as hydro- 
chlorothiazide values do not deviate sys- 
tematically from the midline (Fig. 1) indi- 
cates that basal oxygen consumption of 1 
pmol/g kidney - min is affected neither by 
hypoxia nor by hydrochlorothiazide. 

Since renal sodium reabsorption depends 
upon tubular load and tubular reabsorptive 
activity, it is evident that primary changes in 
renal blood flow or filtration fraction i.e., 
changes in GFR—as well as hormonal or 
drug influences upon the sodium reabsorp- 
tive mechanisms, determine renal oxygen con- 
sumption. The absence of a decrease in 


TY,,¢ to hydrochlorothiazide makes it unlikely 


that this drug affects sodium reabsorption in 
the medulla. 

Summary. In anesthetized dogs renal oxy- 
gen consumption and sodium reabsorption 
were determined during hypoxia and under 
the influence of hydrochlorothiazide. In hy-. 
poxia (arterial Oy saturation 35%) less so- | 
dium is reabsorbed and renal Oy consump- 
tion is diminished. Urine volume is_ in- 
creased with a decrease in U/Posm, U/Pereat 
and Ty,,9: During administration of hydro- | 


They are) 
slightly higher than the results of Deetjen — 
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chlorothiazide both sodium reabsorption and 
Oz consumption are lowered. Urine volume 
end: Co. are elevated; U/Pom- and U/Pércat 
decreased while Ty,,9 remains unchanged. 


Plotting Na reabsorption (yweq/g min) 
against O» consumption (umol/g min) re- 
sults in a straight line which intercepts the 
O2 consumption axis at 1 umol/g min. We 
believe that this value may be equated with 
renal basal Oz consumption; 7.e., without Na 
reabsorption. The O. requirement for renal 
sodium reabsorption is calculated to be 28.6— 


(ay 


32 weq Na/ymol Os. 
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Studies of Acute Respiratory Illnesses Caused by Respiratory Syncytial 


Virus. 1. Laboratory Findings in 109 Cases. 
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Morris e¢ al.(1), described the first recov- 
ery of a virus, termed chimpanzee coryza 
agent (CCA), from the respiratory tract of 
chimpanzees with an acute respiratory illness 
and from a laboratory worker who had been 
in contact with these animals. The infected 
chimpanzees and the laboratory worker de- 
veloped complement fixing and neutralizing 
antibodies in response to their infections. 
Chanock ef al.(2,3) reported recovery of a 
similar virus from 2 infants with lower res- 
piratory tract infection and showed antibody 
titer increases among persons with respira- 
tory illness as well as controls; these workers 
were not able, however, to provide definitive 
evidence for etiologic association between the 
virus and human illness. Chanock renamed 
this agent the respiratory syncytial virus. 
Since that time, Rowe e¢ al.(4) have reported 
positive laboratory diagnostic findings for the 
respiratory syncytial agent in an infant with 
pneumonia. More recently, Beem ef al.(5) 
have recorded laboratory findings in 41 cases 
of respiratory illness among children infected 
with the respiratory syncytial agent. 

Since 1959, our clinical-laboratory groups 
have engaged in extensive investigations of 


the etiology and epidemiology of acute res- 
piratory illness among patients admitted to 
the wards or to the outpatient clinics of the 
Children’s Hospital of Philadelphia or the 
Hospital of the University of Pennsylvania. 
The present report describes the laboratory 
findings among 109 cases of acute respiratory 
illness shown to be caused by the respiratory 
syncytial virus. Subsequent reports(6,7) in 
this series describe the epidemiology of in- 
fections with the virus and the spectrum of 
clinical findings among patients with illnesses 
caused by this agent. 

Materials and methods. Clinical popula- 
tion. The patients were children less than 
8 years of age seen in outpatient clinics or ad- 
mitted to wards of the Children’s Hospital of 
Philadelphia or the Hospital of the Univer- 
sity of Pennsylvania, and selected on the 
basis of having an acute respiratory illness of 
4 days or less duration judged on clinical 
grounds to be of probable viral etiology. The 
majority of persons were from a low socio- 
economic group, mostly Negro, and scattered 
geographically over a large area of Philadel- 
phia. The cases described occurred during 
the period from Oct. 1959 through June 
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1960. Altogether, 563 cases of respiratory 
illness were studied. Collection of specimens. 
When seen initially, each child was exam- 
ined clinically and 2 dry cotton swab sam- 
ples were collected from the throat. These 
were extracted immediately into 5 ml of 
Difco veal infusion broth in a screw-cap tube, 
frozen in dry ice and transmitted to the lab- 
oratory where they were thawed, distributed 
and stored frozen in dry ice in flame-sealed 
glass containers until tested up to 1 year 
later. A 12 ml sample of blood was taken at 
the first visit and, routinely, 21 days later al- 
though there was delay in some instances 
owing to failure of the patients to return at 
the designated time. The sera were stored 
frozen at —20°C until tested up to 1 year 
later. Routine bacterial cultures of the 
throat failed to reveal primary bacterial etio- 
logy in any of the cases selected for study. 
Laboratory. Tissue cultures. WeLa cell 
cultures were grown in Eagle’s basal medium 
(8) with 10% inactivated normal horse se- 
rum and the WISH continuous cell line of 
human amnion(9) was propagated in Eagle’s 
medium containing 10% inactivated normal 
calf serum. During virus propagation, all 
cell cultures were maintained using Eagle’s 
basal medium containing 5% inactivated 
horse serum. Penicillin in a concentration of 
100 units per ml and streptomycin in a con- 
centration of 100 wg per ml were included in 
all tissue culture media. When cultures were 
inoculated with respiratory secretions, 50 
units of mycostatin and 100 pg of neomycin 
sulfate /ml were incorporated into the main- 
tenance medium. All cultures were incubated 
at 36°C. Virus strains. The Long strain of 
respiratory syncytial virus, originally recov- 
ered by Chanock ef al.(2,3), was brought by 
one of us (M.R.H.) to this laboratory from 
the Walter Reed Army Inst. of Research. 
Antisera. Acute and convalescent sera from 
a human case of respiratory syncytial virus 
infection, originally obtained from Dr. J. A. 
Morris, was brought to this laboratory from 
the Walter Reed Army Inst. of Research. 
Rabbit antiserum against the Long strain was 
obtained from Dr. R. M. Chanock. Paired 
sera from proved cases of respiratory syncy- 
tial virus infection were used for virus iden- 
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tification purpose. 
human amnion (WISH) cell cultures were 
inoculated, each in triplicate, with 0.25 ml 


amounts of the thawed samples of respiratory | 


secretions from each patient. The cultures 
were observed daily for cytopathic effect for 
9 days, being refed with maintenance medium 
every 3 or 4 days. A single blind passage 


was made of all cultures which were negative. | 
Tubes showing a definite cytopathic effect 
were harvested and the contents frozen. One > 


or 2 subsequent passages were necessary to 
provide enough material for identification. 
Viral infectivity assays. All virus infectivity 
titrations were performed using serial 10-fold 
dilutions of virus. The inoculum dose was 
0.2 ml per tube containing 2.0 ml of mainte- 
nance medium. The titer was the highest 
initial dilution of virus causing 50% or more 
degeneration of the cell sheet by the seventh 
day post inoculation. Complement fixation 
(CF) tests. The diagnostic CF antigen con- 
sisted of fluids from HeLa cell cultures in- 
fected with the Long strain of respiratory 
syncytial virus which were frozen, thawed 
and harvested when the cell sheets were com- 
pletely degenerated. Uninfected normal He- 
La culture fluids, similarly prepared, were 
used for control purpose. Serial 2-fold dilu- 
tions of inactivated sera in 0.1 ml volume 
were tested using 4 units of antigen in 0.1 
ml volume and 2 exact units of complement 
in 0.2 ml. Fixation was overnight at 4°C 
and the hemolytic system consisted of 0.2 ml 
of a 1% sensitized sheep erythrocyte suspen- 
sion. The titer was the highest initial dilu- 
tion of serum giving less than 25% hemolysis. 
The complement was standardized in the 
presence of antigen and was free of antibody 
against the respiratory syncytial virus. Serum 
neutralization (SN) tests. In the tests, serial 
2-fold dilutions of the inactivated serum were 
incubated for ¥% hour at room temperature 
with an equal volume of virus diluted to con- 
tain approximately 200 TCDs5» per 0.2 ml. 
HeLa cell cultures, in duplicate, were inocu- 
lated with 0.2 ml of the virus-serum mixtures 
and the tests were read on the third or fourth 


day of incubation when the control tubes. 
showed specific viral degeneration of 50 to) 
The titer was the) 


75% of the cell sheet. 


Virus recovery. HeLa or 
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TABLE I. Diagnostic Test Results Obtained in Representative Cases of Respiratory Syncytial 
Virus Infection. 
8N8—————=—oOoOoOoaoOo0=~=q=q=q~q~q~q~q~q~oom 


Patient ¢ Laboratory findings——____ 
CF Neutralization 
Age Clinical diagnosis Acute Cony. Acute Cony. Virus recovery 
3 yr Upper resp. illness OF 320 Om 40 Positive 
1 = 4 " # 0 80 0 80 a 
3 ; 2) 0 80 0 20 ss 
Sse Bronchitis 0 320 0 160 i. 
3 = es 0 160 0 20 
2 10 320 0 80 te 
6 mo Bronchiolitis 0 40 0 10 ” 
8 > ‘ 0 40 0 20 5 
lyr 0 320 0 80 ze 
6 = Bronchopneumonia 10 320 10 160 3 
3 2 : 0 320 0 40 Negative 
6 : 20 320 <20 640 e 


- OMtiter =< 1:5: 


highest initial dilution of serum which caused 
complete suppression of viral degeneration. 
Identification of viral isolates. Isolates were 
identified both by the CF and serum neutra- 
lization technics using paired sera from hu- 
man Cases of respiratory syncytial virus infec- 
tion, including the paired sera from the first 
reported human case of infection(1) with this 
virus. All identifications were controlled in 
simultaneous tests using the Long strain of 
respiratory syncytial virus. Tests with known 
positive Myxovirus parainfluenza 1, 2 and 3, 
measles and adenovirus group antisera gave 
negative results providing an additional con- 
trol. Results. Representative diagnostic 
test results. Table I and Fig. 1 present rep- 
resentative serologic (CF and neutralization) 
and virus recovery findings among 34 cases 
of respiratory illness caused by the respira- 


CF ANTIBODY 


NEUTRALIZING ANTIBODY | 


CONVALESCENT SERUM TITER 


(e} 5 10) 20’. 40 0 5 10 20 80 


ACUTE SERUM TITER 


FIG. 1. Diagnostic neutralization and CF test find- 
ings in paired sera from 34 cases of respiratory ill- 
ness caused by the respiratory syncytial virus, 


CF ANTIBODY TITER 


15 20 25.30 35 40 45 50 60 


DAO iH) er 35:4 


FIG. 2. Distribution, according to days post onset 
of illness, of CF titers in 109 cases of respiratory 
illness caused by the respiratory syncytial virus. 


tory syncytial virus. These 34 cases were 
specially selected to include the syndromes of 
acute upper respiratory illness, bronchitis, 
bronchiolitis and bronchopneumonia. A sin- 
gle case of croup occurred among the cases 
but was not included in Table I. The acute 
phase serum specimens collected within 4 
days of onset of clinical illness were usually 
devoid of neutralizing or CF antibody (< 
1:5) although a few sera were positive ini- 
tially with titers as great as 1:80. The con- 
valescent serum specimens regularly showed 
a diagnostic (4-fold or >) increase in titer 
of antibody. The maximum fold-increase by 
neutralization was 256 or > and by CF was 
128 or >. The geometric mean* acute and 
convalescent neutralizing antibody titers 


*In computing the mean titers, a titer of < 1:5 
was arbitrarily assumed to be 1:2.5. 
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ACUTE PHASE SPECIMEN CONVALESCENT PHASE SPECIMEN 
= ean Titer = 


NEUTRALIZING ANTIBODY TITER 


Zur Sus MElONZOn25NSO) 3504014 5m 50160 
FIG. 3. Distribution, according to days post onset 
of illness, of neutralizing antibody titers in 34 
eases of respiratory illness caused by the respira- 
tory syneytial virus. 


DAY: @) | 


were 1:3 and 1:59, respectively, and mean 
CF titers were 1:4 and 1:163, giving mean 
fold-increases of 30 and 41, respectively. 
The serologic diagnoses usually could be con- 
firmed by virus recovery. 

Distribution of serum titers according to 
time post onset of illness. Fig. 2 summarizes 
acute and convalescent serum CF § titers 
among 109 cases of respiratory illness diag- 
nosed as respiratory syncytial virus infection 
based on the demonstration of a 4-fold or 
greater increase in CF antibody against the 
Long strain in tests with acute and convales- 
cent sera. The geometric mean acute titer 
was 1:4 and mean convalescent titer was 
1:93. The distribution of individual acute 
phase titers was roughly the same whether 
the specimens were collected on day 0, 1, 2, 
3 or 4 post onset of illness. Maximal con- 
valescent CF titers appeared to be reached 
by the fifteenth to twentieth day post onset 
of illness since titers of sera collected later 
were not appreciably different. 

The findings in similar tests of neutralizing 
antibody in acute and convalescent sera from 
the 34 selected cases mentioned above are 
shown in Fig. 3. The geometric mean of the 
acute phase titers was 1:3 and of the con- 
valescent was 1:59. In agreement with the 
CF results, the distribution of titer values 
in the acute phase specimens suggested no 
significant difference whether taken on day 
0, 1, 2, 3 or 4 post onset of illness. Maximal 
neutralizing antibody titers appeared to be 
reached by day 20. It is of interest that a 
portion of the cases exhibited CF or neutra- 
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lizing antibody in the acute phase specimen, _ 
indicating that infection, with illness, appar- 
ently can be superimposed on antibody re- 
sulting from prior infection. 

Virus recovery results. An attempt was 
made to recover respiratory syncytial virus 
from respiratory secretions of the 34 selected 
cases diagnosed, positively, by the CF meth- 
od. The distribution of virus recoveries, ac- 
cording to time post onset of illness, is shown — 
in Table II. Respiratory syncytial virus was 


TABLE II. Distribution of Virus Recovery Re- | 

sults, According to Time Post Onset of Illness, 

among 34 Cases of Serologically Diagnosed Cases 

of Respiratory Illness Caused by Respiratory Syn- 
eytial Virus. 


Days post onset of illness specimen _ 


taken 
Result 0 il 2 3 4 
Positive 3 9 8 0 1 
Negative 1 6 4 1 if 
% positive (75) 60 67 (0) (50) 


recovered from 21 of the 34 cases (62%). 
Recoveries were made on days 0-4 post onset 
of illness indicating that the virus is present 
for at least 4 days after appearance of clini- 
cal symptoms. The recovered isolates were 
identified as respiratory syncytial agent both 
by CF and by neutralization tests. In all 
instances, there was complete agreement in 
the results. 

Comparative sensitivity of diagnostic test 
methods. Table III summarizes results of 
diagnostic tests for 34 cases in which all 3 
test methods were used. All 34 cases were 
diagnosed by CF and this result was con- 
firmed by neutralization test findings in 33 
cases (97%). 

Respiratory syncytial virus was recovered 
from 21 of the 34 cases (62%). While the 


TABLE IIT, Comparative Sensitivity of Various 
Diagnostic Test Methods for Detecting Respiratory 
Syncytial Virus Infections (Diagnosed Initially by 


CF). 
Diagnostic 
test method No. pos. No.neg. 9% positive 
Cr 34 0 100 
Serum neut. 33 1 97 
Virus recovery 21 13 62 
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virus recovery technic was the least sensitive 
of the 3 diagnostic tests, the number obtained 
is nonetheless an excellent experience for virus 
isolation results in general. It is important to 
note that 20 of the 21 virus recoveries were 
made in primary passage and that only 1 ad- 
ditional isolation was made by the routine 
subculture procedure. Further, only 1 or 2 
of 3 inoculated tubes showed cytopathic ef- 
fects on primary passage of some of the res- 
piratory secretions. 

Multiple serologic increases in antibody. 
Among the 563 respiratory disease cases 
studied, 19 additional persons showed a diag- 
nostic CF titer rise against the respiratory 
syncytial virus plus adenovirus, Myxovirus 
parainfluenza 1, 2 or 3 or against influenza 
A». This indicated infection with more than 
1 virus during the time period for the collec- 
tion of the samples of blood. Adenovirus and 
parainfluenza 3 were encountered most fre- 
quently. 

Discussion. These findings have clearly 
demonstrated the utility of both CF and se- 
rum neutralization tests for laboratory diag- 
nosis of respiratory illness caused by the 
respiratory syncytial virus. Mean titers of 
the acute or the convalescent serum speci- 
mens were roughly the same when tested by 
the CF or serum neutralization technic and 
the two procedures appeared equally sensitive 
for detecting diagnostic increases in titer. 
These findings are at variance with those of 
Chanock ef al.(2,3) who reported greater 
sensitivity of the neutralization technic, espe- 
cially in infants and children in whom the 
neutralization test was stated to be twice as 
sensitive as the CF test. As a further test 
in our laboratory, paired sera from 13 cases 
of respiratory illness in very young infants 
3 weeks to 5 months of age, collected at the 
height of a respiratory syncytial virus epi- 
demic and found negative by CF, were tested 
by the neutralization method. The neutrali- 
zation test results were also negative provid- 
ing additional evidence that the CF test, 
properly performed, does not fail to detect 
cases. 

The virus isolation test, while less sensitive 
than either of the 2 serologic procedures, was 
nonetheless highly efficient when appraised 
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in terms of expected recoveries in virus dis- 
eases, generally. Thus, the virus was recov- 
ered in 62% of 34 selected cases of the dis- 
ease. Previous workers(1,2,3,5) have ex- 
perienced great difficulty in isolating res- 
piratory syncytial virus from respiratory 
specimens which had been frozen. These 
workers did not state whether the samples 
had been handled to exclude carbon dioxide. 
One worker used 2% horse serum in Hank’s 
solution and another used Hank’s solution 
alone for collecting and storing the specimens. 
These are probably inadequate for preserving 
infectivity. In the present series, the speci- 
mens had been stored frozen in veal infusion 
broth up to 1 year prior to testing. The data 
were insufficient to permit definitive appraisal 
of the relative efficiency of HeLa and human 
amnion cell cultures (WISH) for virus re- 
covery. It was observed, however, in cul- 
tures inoculated with the same virus prepa- 
ration, that the HeLa cells degenerated 1 or 
2 days earlier than did the amnion cells. 

The present findings, like those of Beem 
et al.(5), present convincing evidence for the 
role of respiratory syncytial virus in cases of 
human respiratory illnesses. Thus, the virus 
is present in the acute illness at time of the 
first visit to the physician and the patient 
develops high levels of both neutralizing and 
CF antibodies during convalescence. Addi- 
tional support for etiologic role of this virus 
is presented in the second paper in this se- 
ries(6) in which very low prevalence of in- 
fection is demonstrated among well controls. 

The clinical illnesses which occur in infec- 
tion with the respiratory syncytial virus in- 
clude mild acute upper respiratory illness, 
bronchitis, bronchiolitis, bronchopneumonia 
and, infrequently, croup. 

Summary. Laboratory diagnostic findings 
in 109 cases of respiratory illness caused by 
the respiratory syncytial virus are presented. 
The CF and serum neutralization tests were 
equally sensitive for detecting cases and an- 
tibody titers obtained by the 2 methods were 
roughly the same. The virus isolation pro- 
cedure was less sensitive giving positive re- 
sults in 62% of the cases. Clinical illnesses 
associated with respiratory syncytial virus in- 
fection included acute upper respiratory ill- 
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ness, bronchitis, bronchiolitis, bronchopneu- 
monia and, rarely, croup. 


The authors are indebted to B. Baron, P. Salva- 
tore and I. Weinberger for technical assistance in the 
laboratory. Drs. K. C. Christie, P. J. Koblenzer, 
D: J. Bartels and A. Girija assisted in clinical obser- 
vations and in collection of specimens. 
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Previous reports(1,2), described establish- 
ment of transplantable lines of subcutaneous 
fibrosarcomas from tumors produced by in- 
oculation of newborn animals with polyoma 
virus. Transplantable tumors in the hamster 
line and in one of the 2 mouse lines (C57- 
695) have never had demonstrable virus asso- 
ciated with them. The second mouse line 
(C57-1923) had virus associated with tumor 
for the first 10 transplant passages, but not 
in the subsequent 8 passages. Virus-nega- 
tive tumors in tissue culture were susceptible 
to challenge with polyoma virus, and virus 
production could not be induced in them by 
irradiation. From this and the lack of dem- 
onstrable polyoma virus antigens in tumors, 
it was concluded that once virus had trans- 
formed normal cells to tumor cells it was no 
longer necessary for maintenance of the tu- 
mor. 

As an additional piece of evidence for the 
above conclusion in studies of the hamster 
tumor(1), it was shown that adult hamsters 
made immune to virus and having demon- 
strable antiviral antibodies were still capable 
of supporting the transplantable tumor. 
However, this result was based on challenge 
with a large inoculum of minced tumor. The 


purpose of this report is to present evidence 
indicating that adult hamsters and mice made 
immune to polyoma virus do develop a resis- 
tance to transplantable tumors provided the 
challenge with tumor cells is made on a quan- 
titative basis. Evidence is also presented 
that this resistance is specific and not due 
to serum antibodies. 

Materials and methods. Animals. Gen- 
eral purpose (G.P.) mice were random-bred 
Swiss, C3H were C3;H/Hen and C57 were 
C57/Bl. Hamsters were random-bred Syrian 
hamsters. All animals were reared in the 
NIH animal colony. Tumors. The trans- 
plantable polyoma hamster tumor and C57- 
695 and C57-1923 transplantable polyoma 
mouse tumors have been described(1,2). The 
SW tumor was a fibrosarcoma originating in 
a C57/Bl mouse that had been inoculated 
with radioactive thorium and was kindly sup- 
plied by Dr. Richard Swarm of Nat. Cancer 
Inst. in its 16th transplant passage. The 
5180 tumor was maintained in the ascites 
form in G.P. mice and was originally obtained 
from Dr. Morris Belkin of the Cancer Insti- 
tute. Virus. Polyoma virus grown in mouse 
embryo tissue culture had a titer of 107 IDso/ 
ml. Hyperimmune rabbit serum. Rabbits 
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TABLE I. Adult Hamsters Immunized with Poly- 
oma Virus and Challenged with Hamster Tumor 
Cells 5 Weeks Later. 


Cells Normal hamsters Immune hamsters 

trans- Tumor Tumer 

planted Tumors size* Tumors size* 

Peon dl OF 2/2 50 X 60 2/2 HR Seals 

35 x 40 25 X 5¢ 

Dee. 10° 272 45 xX 45 1/2 30 x 30 
3) << 65 

ee< 41.05 2/2 S51DC 50 1/2 ZOO 
SO Se 720) 

ee 1'(* ily 30 X 40 2/2 BS 8; 

20 * 20 


—— 


* Size of tumor in mm at 1 mo. 


were immunized by an intramuscular dose of 
polyoma virus mixed with Freund’s incom- 
plete adjuvant and 8 intradermal doses in 
saline. It had a hemagglutinin inhibition 
(HI) titer of 1/10,000 and a neutralization 
titer of 1/25 against 100 TCIDs» of virus. Jm- 
munization. Mice referred to as “polyoma im- 
mune” had received 0.2 ml intraperitoneally 
(IP) of a 10° dilution of standard virus 4 to 
10 weeks prior to a test. Transplantation. 
Tumors were maintained by subcutaneous 
(SC) inoculation of a heavy mince of tumor 
but quantitative tests used single cell sus- 
pensions of trypsinized tumors containing the 
indicated numbers of viable cells. All trans- 
plants were made into the interscapular sub- 
cutaneous area. 

Results. Immunity to hamster tumor. 
Adult hamsters were inoculated IP with 0.5 
ml of standard polyoma virus. Five weeks 
later the 24th transplant passage tumor was 
trypsinized and a single cell suspension 
counted. Groups of virus-immunized and 
control hamsters were inoculated SC with 0.1 
ml of dilutions of this cell suspension (Table 
1). At time of tumor cell inoculation the 
immunized hamsters had polyoma HI anti- 
TABLE IT. Adult C57 Mice Immunized with Poly- 


oma Virus and Challenged with 695 Tumor Cells 4 
Weeks Later. 


@ells IDpqoE, A Exp. 2 
transplanted Normal Immune Normal Immune 
10° 5/5* 5/5 5/5 3/5 
10° 5/5 2/5 5/5 0/5 
104 3/5 0/5 0/5 0/5 


* No, of mice developing tumors/No, inoculated. 


hes 


bodies to a titer of 1/1600 in their serum. 
Animals were held for 2 months at which 
time 2 in the immune group still had no evi- 
dence of tumors, whereas all the controls were 
dead, with large tumors. In Table I and Fig. 
1 can be seen the marked delay in tumor de- 
velopment in those virus-immune animals 
which did get tumors. Jmmunity to mouse 
tumors. Adult C57 mice were immunized by 
a single IP dose of 0.2 ml of 10° dilution of 
standard polyoma virus. Three weeks later 
they and a similar group of unimmunized 
mice received a heavy mince of transplant 
passage 12 of the 1923 tumor. After 4 
months’ observation, 5 of 5 normal mice had 
large tumors, whereas only 1 of 5 virus-im- 
mune mice had a much smaller tumor. A 
repetition of this experiment produced 2 of 
5 controls with tumors and O of 5 immunes. 
(This tumor line has been difficult to trans- 
plant successfully in. recent passages.) 


FIG. 1. Normal hamster (left) and polyoma im- 
munized (right) challenged with 2.5 & 10° hamster 
tumor cells 34 days before photograph. 


With the 695 tumor, it was possible to 
quantitate susceptibility to the transplanted 
tumor. C57 mice were immunized as above 
and challenged 4 weeks later with 20th pas- 
sage of the trypsinized 695 tumor. Table II 
shows that it required 10 times as many cells 
to produce a successful transplant in virus- 
immune mice as in controls. The same results 
were obtained in a repetition of this experi- 
ment (Table II). Specificity of resistance. 
To determine whether the demonstrated re- 
sistance produced by virus immunity was spe- 
cific for tumor originally produced by poly- 
oma virus or was a broad resistance to all 
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TABLE III. Adult Mice Immunized with Polyoma 
Virus and Challenged 6 Weeks Later with Indi- 
eated Tumor Cells. 


Cells $180 tumor SW tumor 
transplanted Normal Immune Normal Immune 
10° 5/5* 5/5 5/5 5/5 
10° 4/5 3/5 5/5 5/5 
10* 0/5 1/5 1/5 1/5 


* No. of mice developing tumor/No. inoculated. 


transplantable fibrosarcomas, 2 non-polyoma 
tumors were used. C3H mice were immunized 
in the usual way with virus and challenged 
subcutaneously by serial dilutions of tryp- 
sinized S180 tumor cells obtained from an 
ascites passage of this tumor in GP mice. In 
a second experiment the same was done with 
dilutions of the SW tumor in C57 mice. Re- 
sults given in Table III show equal suscepti- 
bility to these tumors by virus-immune and 
normal mice. Effect of anti-polyoma serum 
antibody. Groups of C57 mice were inocu- 
lated with serial dilutions of trypsinized 23rd 
passage of 695 tumor cells. One set of mice 
received 0.2 ml IP of polyoma hyperimmune 
rabbit serum, one set normal rabbit serum 
and one set no serum. The serum inoculation 
was repeated at 2 day intervals for 3 doses. 
Table IV shows no protective effect with the 
antiviral serum. Anti-tumor complement fix- 
ation and cytotoxic antibodies. Using serum 
from mice and hamsters made immune to 
virus and from virus-immune animals that 
had resisted transplantation of tumors, com- 
plement fixation and cytotoxic tests were run 
against the hamster and 695 mouse tumor. 
The complement fixation test was carried 
out with 2 full units of complement and over- 
night 4°C fixation. The cytotoxic test in- 
volved fully grown tube cultures of the tu- 
mor cells to which was added the serum to 
TABLE IV. Serum Protection Test. C57 mice re 
ceived 0.2 ml IP of normal or polyoma immune rab- 


bit serum on day 1, 3 and 5. Day 1 indicated num- 
ber of 695 tumor cells subeutaneously. 


Cells Normal Immune 

transplanted serum serum No serum 
10° 5/5* 5/5 5/5 
10° 5/5 5/5 5/5 
108 2/5 5/5 4/5 


* No. of mice developing tumors/No. inoculated. 


IMMUNITY TO Potyoma Virus TuMoRS 


be tested, either alone or with fresh guinea 
pig serum, and observation for clumping or 
lysis of the tissue culture cells on incubation. 
With neither type of serum was there any 
evidence of complement-fixing or cytotoxic 
antibodies against the tumors. 


Discussion and Summary. By _ producing 
an inapparent infection in adult hamsters or 
C57 mice with a single dose of diluted poly- 
oma virus these animals subsequently mani- 
fest a relative resistance to transplantation 
of isologous polyoma fibrosarcomas. These 
sarcomas, although originally induced by vi- 
rus inoculated into newborn animals, no 
longer contain any demonstrable virus or vi- 
ral antigens. This resistance can be overcome 
if a large enough number of tumor cells are 
given in the challenge transplant; it is ap-" 
parently specific for tumors of polyoma ori- 
gin and would appear to be cell mediated 
since hyperimmune polyoma antiserum is not 
capable of transferring such resistance to nor- 
mal mice. 

The most logical explanation of this phe- 
nomenon is based on the hypothesis that poly- 
oma induced tumors contain a cell antigen 
which is not present in normal isologous cells 
and the degree of this antigenic difference 
must be small. This new antigen would be 
produced by the normal cell after it has been 
transformed as the result of polyoma virus 
infection, both in the infected newborn and 
adult animal. The newborn being immuno- 
logically non-reactive would tolerate the for- 
eign antigen and allow the transformed cells 
to multiply and produce a tumor. The adult 
animal being immunologically mature would 
reject the transformed cell with its foreign 
antigen and in so doing become hyper-reac- 
tive or resistant to the tumor when chal- 
lenged with the transplant. This hypothesis 
is consistent with the findings of Law and 
Dawe(3) that adult mice given polyoma virus 
after whole body X-radiation do develop tu- 
mors. 


If this hypothesis can be proven by im- 
munological experiments, it would suggest 
that the genome of the virus-transformed cell 
either now contains viral genome or has been 
genetically altered by a non-lytic virus infec- 
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tion. In either case the result of this geno- 
typic alteration would be the development in 
the transformed cell of an antigen immuno- 
logically slightly different from the corre- 
sponding antigen in the normal cell. 
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An Erythematous Disease of Adult Guinea Pigs Following Transplantation 


of Homologous Lymphoid Cells.* 


Jack R. BattTisto 


(26454) 


(Introduced by Edward J. Hehre) 


Department of Microbiclogy and Immunology, Albert Einstein College of Medicine, 
Yeshiva University, New York City 


During studies on the transfer of delayed 
hypersensitivity to simple chemicals from 
highly sensitized to normal adult guinea pigs 
(1), occasional recipients of lymphoid cells 
developed an illness characterized by inter- 
mittent fever, squealing on handling, progres- 
sive weight loss, and generalized erythema. 
Evidence has now been obtained that this 
disorder is entirely independent of any arti- 
ficial sensitization of the donor and may be 
produced with unprecedented high frequency 
by lymphoid tissue from a specific category of 
normal animals. 

Following the discovery that certain guinea 
pigs possess natural, delayed type iso-hyper- 
sensitivity toward a heritable factor present 
in sera of other guinea pigs(2), an investiga- 
tion was undertaken to determine whether a 
relationship might exist between this state of 
iso-hypersensitiveness and the illness follow- 
ing lymphoid cell transfer. As the following 
experiments show, the lymphoid tissue from 
guinea pigs lacking serum factor but possess- 
ing delayed iso-hypersensitivity toward it 
regularly induced the illness in adult recipi- 
ents, while lymphoid tissue from guinea pigs 
possessing serum factor but lacking iso-hy- 
persensitivity was incapable of inducing the 
disease. 

The experimentally produced illness, which 
superficially resembles “runt”, “homologous” 


* This work was supported by grants from the 
Brown-Hazen Fund of Research Corp., and from 
Nat. Inst. of Allergy and Infect. Dis., U.S.P.HS. 


and “secondary disease’ (3-7), but which dif- 
fers from them by its induction in normal 
non-inbred adults and by its characteristic 
erythema, has been termed “erythematous 
disease’”(8,9). Certain features of erythe- 
matous disease recall and allow comparison 
with aspects of “parabiotic intoxication” or 
“parabiotic disease” (10,11). 

Methods. Experiments concerned with in- 
ducing erythematous disease consisted of 
transplanting washed lymphoid cells from 
one or more donor guinea pigs into one or 
more recipients after testing each animal for 
serum factor and for iso-hypersensitivity to 
the factor. Guinea pigs bred from Rocke- 
feller Institute stock, weighing more than 400 
g and kept in temperature controlled quar- 
ters, were used throughout. Presence or ab- 
sence of serum factor was determined by in- 
jecting 0.1 ml of each animal’s serum intra- 
cutaneously into separate “assay” guinea 
pigs of known dermal reactivity(2); an 
erythematous response greater than 10 mm 
in diameter at 24 hours was deemed positive 
for serum factor. Possession or lack of iso- 
hypersensitivity was ascertained on day of 
transplantation by observing an animal’s cu- 
taneous reaction to sera, known to contain 
serum factor(2), inoculated intradermally 


t Such tests, done to provide information for the 
matching of animals, are not necessary for induc- 
tion of erythematous disease as the illness can be 
produced in animals that have not received any prior 
injection. 
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TABLE I. Induction of Erythematous Disease in Normal Adult Guinea Pigs by Lymphoid 
Cells from Donors Possessing Natural Delayed Type Iso-hypersensitivity (IH) and Lacking 
Serum Factor (SF). 


a 
as 


Donor Recipient Cell dose Fatal 
per recip- Recipients Erythema- erythematous Day of 
IH SF IH SF ient < 10° inoculated tous disease disease death 
A — — + 1.4-2.2 6 4 2 18, 35 
3 1.8-2.2* 4 3 1 30 
— — 1.8—2.2 3 2 2 25, 37 
i * 1.3-2.7% 5 3 2 26, 30 
C — + — + 2.3, 3.4 2 0 
1.4, 2.0* 2 0 
4.0, 6.1t 2 0 
D — + + — 1.5, 3.3 2 0 
Tey elas 2 0 
4.0, 5.5, 6.1t 3 0 
* Pooled lymph node cells or spleen cells from 2 donors. 
+ ” ” ”» ” ” ” ” ” 4-7 ” 


(0.1 ml) one day earlier.t Guinea pigs with 
natural delayed type iso-hypersensitivity to 
homologous serum (and lacking the factor in 
serum responsible for eliciting dermal reac- 
tions) were used as donors in Exp. A and B 
(and as recipients in B and D) of Table I; 
animals lacking iso-hypersensitivity but pos- 
sessing serum factor were used as donors in 
Exp. C and D and as recipients in A and C. 

Certain recipients in each of the experi- 
mental groups received lymph node and 
spleen cells from a single donor; others re- 
ceived pooled lymph node cells or pooled 
spleen cells from 2 or more donors. Cells 
from “‘scissored” spleens and “teased” lymph 
nodes removed from exsanguinated guinea 


pigs were washed twice in Hanks’  so- 
105.5 “ 
105.0 
ie 
ij 104-5 
s 
& 104.0 
a 
WwW ° 
2 103.5 | \ 
ee 
i= 
“, 103.0 \ 
Ee 
8) MA 
102.5 
a : : t/t 
102.07 487 533 585 hed WEIGHT, ams 
XKK XX ERYTHEMA 
CuSO men Sune2 Oss SO MESS EEO 
DAYS FOLLOWING CELL TRANSFER 
FIG. 1. Erythematous disease in a guinea pig 


(from Exp. B of Table T). Arrow marks receipt of 

1.8 10° lymph node and spleen cells; generalized 

erythema () occurs at and following peaks of 

fever; wt loss is terminal (in other animals it may 
begin earlier), 


lution, passed through fine-mesh stainless | 


steel collanders and inoculated intravenously 
or intraperitoneally (at times by both routes). 
Small samples of cells were reserved for 
counts in a haemocytometer; viability, 
judged by vital staining with trypan blue, 
was 80-90%. 

Results. That lymphoid cells from guinea 
pigs lacking serum factor but possessing iso- 
hypersensitivity toward it are capable of in- 
ducing erythematous disease in normal adult 
recipients is obvious from Exp. A and B, 
Table I. Cells from such donors induced an 
illness marked by intermittent fever, weight 
loss and erythema in 12 of 18 recipients, 7 of 
which died within 18-37 days.t As few as 
1.4-2.2 10° cells from a single donor suf- 
ficed to bring about the illness, a_ typical 
course of which is shown in Fig. 1. In con- 
trast, lymphoid cells from donors lacking iso- 
hypersensitivity but possessing serum factor 
(Exp. C and D) failed to induce the illness in 
13 recipients, although as many as 4.0-6.1 « 
10° cells from 4-7 donors were inoculated into 
some of the animals. 

A suggested basis for the ability of lymph- 
oid cells from animals with iso-hypersensi- 
tivity and lacking serum factor to induce ery- 
thematous disease might be that such cells 
have, through reactivity to serum factor, an 
immunological advantage over their hosts. 


Liver cells, erythrocytes and sera of animals with 


effective lymphoid cells were unable to initiate the 
disease, 
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TABLE II. Rejection of Skin Homografts in Nor- 

mal Adult Guinea Pigs Possessing or Lacking De- 

layed Type Iso-hypersensitivity (IH) and Serum 
Factor (SF). 


Donor Recipient Graft 
No. survival 
IH SF IH SF grafts (days) 
a =f = -f: 4 13 
<a _ 4 es 1 13-15 
— + — of 22 13-17 
— + + = 4 9-14 


This mechanism might conceivably account 
for the high incidence of the disease in re- 
cipients with serum factor (Exp. A); how- 
ever, it could not account for the equally high 
incidence of the disease observed in recipi- 
ents lacking serum factor and possessing iso- 
hypersensitivity (Exp. B; Fig. 1). An alter- 
native basis for a “graft-versus-host’’ mechan- 
ism would be provided if the effective lymph- 
oid cells (which are from animals genetically 
lacking serum factor) were for some reason 
selectively tolerated by the recipient hosts. 
However, in an experiment in which full 
thickness (1 cm*) skin grafts were exchanged 
among guinea pigs of Rockefeller Institute 
stock, matched for possession or lack of se- 
rum factor and iso-hypersensitivity, no im- 
munological tolerance to homologous tissue 
was detected (Table II). Thus, all skin ho- 
mografts were rejected within a time range 
(9-17 days) not far removed from that which 
others have noted for first-set homografts 
(12); whereas, a majority of autologous 
(control) grafts appeared well seated and 
healthy at 22 days and beyond. 

The possibility that some mechanism other 
than graft-versus-host reaction may be re- 


A Simple, Rapid Skin-Graft Technic in Rats. 
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sponsible for erythematous disease is being 
explored. 

Summary. Adult, immunologically compe- 
tent, non-inbred guinea pigs injected with se- 
lected homologous lymphoid cells develop a 
wasting, sometimes fatal illness. Termed 
“erythematous disease,’ it is induced by 
spleen and lymph node cells from guinea pigs 
lacking heritable serum factor toward which 
they possess naturally occurring delayed type 
iso-hypersensitivity. 


The author wishes to thank Dr. Merrill W. Chase 
for making guinea pigs of the Rockefeller Inst. stock 
available for breeding; Dr. Irwin M. Dannis for 
conducting the skin graft experiment; Miss Janet F. 
Parks and Miss Rita Hixon for capable technical 
assistance. 
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A modification of the punch technic for 
skin grafting as performed on mice(1,2) has 
been successfully adapted to rats. Improve- 
ments developed during studies on 242 rats 
have resulted in a regularly obtained healthy 


skin graft. Sutures are unnecessary in this 
technic. In mice a tape vest can be used(3), 
but because of the greater strength of rats, 
we have found it necessary to use a plaster 
jacket. The graft is well immobilized in a 
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LEVATED STRATUM CARNOSUM 


FIG. 1. Punch skin graft technic in rats. A. A 
double layer of skin is elevated in preparation for 
the punch graft. B. Stratum carnosum is removed 
from each of the 2 skin dises. ©, Skin is placed in 
graft bed and immobilized with a second strip of 
tape and covered with a gauze roll. D. Position of 
the plaster cast at completion of graft. E. Case 
and dressing are removed in 8 days. A superficial 
layer of skin is removed with the tape, leaving vi- 
able skin graft. 


perfectly fitted graft bed by using light ver- 
tical pressure. 

Method. Young adult male Long-Evans 
rats, weighing 100 to 150 g, were anesthe- 
tized by ether inhalation. “Scotch” Brand 
pressure-sensitive tape (2.5 cm wide) was 
used in all animals. A leather punch, with 
a blade 1.25 cm in diameter, was made to cut 
against a nylon pad, to avoid dulling the 
blade’s cutting edge (Fig. 1-A). Sponge rub- 
ber in the lumen of the blade eliminated the 
need to remove the graft manually, which 
often disturbs the graft’s adherence to the 
tape. The graft site was on the posterior 
chest wall, 2.5 cm caudad to the shoulder 
girdle. This area could be well covered by 
the plaster cast without interfering with the 
shoulder girdle. Grafts placed cephalad to 
this site were often inadequately immobilized 
because of neck movement. 

The hair of the graft area is shaved and the 
area is prepared with tincture of iodine. 
After 3 minutes the area is washed with ether 
to remove moisture and skin oils. A 5 cm 
strip of “Scotch” tape is pressed onto the 
skin. The tape and adherent skin are ele- 
vated carefully by pinching the tape in the 
center (Fig. 1-A). The elevated tape with 
2 layers of skin, panniculus adiposus and 
panniculus carnosis are punched as one. The 
2 discs that are obtained are connected by a 
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fibrous band, which is then divided. The 


panniculus carnosus is then excised with scis-. 


sors; care is taken not to separate the skin 
from the adherent tape (Fig. 1-B). The mus- 
cle layer is excised most easily if the scissor 
blades are held parallel to the direction of 
the muscle fibers. 

The graft bed requires no preparation, and 
bleeding is negligible. The circular disc is 
inserted into the same-sized defect, with the 
surrounding tape in place (Fig. 1-C). The 
graft must be well immobilized to insure that 
a “take” will occur. A second 5 cm strip of 
tape is placed over the discs and the first 
strip of tape. The double thickness of tape 
is then covered by a doubled 5 & 5 cm layer 
of gauze and is ready for casting. A single 
sheet of plaster splint, measuring 7.6 « 38 
cm, is folded at one-third its width and is 
wetted. Warm water is used for more rapid 
setting of the plaster. The cephalad and 
caudad edges of the plaster are made slightly 
constrictive by winding the splint obliquely 
(Fig. 1-D). If the fit is too loose, the rat 
can wriggle out of the plaster. Picric acid 
can be used to prevent the rats from chewing 
the case, but this is seldom necessary. 

The ventral aspect of the cast is cut with 
heavy scissors on the eighth day. The plane 
between the 5 X 5 cm gauze and the tape is 
found so that the tape can be removed sepa- 
rately from the plaster. The end of the tape 
is slowly lifted up, with gentle separation of 
the tape from the skin. A scalpel blade can 
be used to apply counter-traction and prevent 
pulling off the graft. A plane of cleavage 
appears in the disc of rat skin graft (Fig. 1- 
E) between the stratum corneum and the 
stratum lucidum. The implanted graft disc 
of skin without hair or outer dessicated squa- 
mous cells is smooth and glistening. 

Results. The early detection of onset of 
the homograft reaction, with the graft de- 
nuded of hair and dessicated cells, is remark- 
ably easy. Very minor amounts of edema 
and changes in the color or size of the graft 
can be readily identified. The later stages 
of the homograft reaction are obvious. 

Summary and conclusions. A modified 
graft technic is described which has been 
found to be rapid and reliable in rats. Two 


\ 


REITER FLUORESCENT TREPONEMAL ANTIBODY TEST 


people can complete this graft technic in 15 
to 25 rats in one hour. The adherence of 
the skin, hair and outer dessicated layers of 
the skin to the tape allows an unobstructed 
view of the viable graft and permits detec- 
tion of minor changes, as compared with the 
control site. When the graft disc was placed 
without an overlying tape, or when the cast 
and tape were removed by the animal, the 
superficial dessication and hair prevented the 
early changes of slight edema, faint brown- 
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ness in color, and reduction of graft diameter, 
from being seen or recognized as the early 
onset of the homograft reaction. 


1. Billingham, R. E.,. Medawar, P. B., J. Exp. 
Biol., 1951, v28, 385. 

2. Gottfriend, B., Padnos, M., Transpl. Bull., 1959, 
v6, 427. 

3. Gross, L., Padnos, M., Gottfried, B., ibid., 
1960, v25, 421. 


Received February 1, 1961. P.S.E.B.M., 1961, v106. 


Fluorescent Treponemal Antibody Test Using the Reiter Treponeme.* 
(26456) 


Scott V. Covert, JOHN F. KENT AND Roy W. STEVENS 
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The fluorescent treponemal antibody 
(FTA) test(1,2) for syphilis requires Trepo- 
nema pallidum of the virulent Nichols strain 
as antigen, and as a result is expensive and 
limited in availability. This suggested an at- 
tempt to substitute the Reiter strain of tre- 
poneme, which is antigenically related and 
easily cultivated in vitro. 

Materials and methods. Sera were from 
a collection of the 7. pallidum immobiliza- 
tion (TPI) testing unit of the Division of 
Laboratories and Research; they were from 
persons verified as syphilitic or non-syphilitic 
on the basis of clinical or anamnestic evi- 
dence, supplemented by a critical test(3,4) 
for TPI antibody; many of the non-syphili- 
tic individuals presented diagnostic problems 
in that they reacted serologically with cardio- 
lipin antigens. Normal sera were from 
healthy members of both staffs and from 
blood donors. All sera were stored at —25°C. 
T. pallidum of the Reiter strain was culti- 
vated at 35°C in screw-capped tubes con- 


* Aided in part by a grant to Albany Medical 
College from Sterling-Winthrop Research Inst., Rens- 
selaer, N. Y. Special thanks go to Herbert W. Reilly, 
Jr., and Frederick W. Bauer, Jr., who assisted with 
the RFTA and FTA tests, and to Jacob B. DeWeerdt 
and Janet G. Jennings who provided the Nichols 
strain treponemes. 


taining 25 ml NIH thioglycollate brotht to 
which heated (2 hours at 56°C) rabbit serum 
had been added to give a final concentration 
of 10%. Growth was satisfactory at 2 days, 
the cultures remaining acceptable for antigen 
preparation from the 2nd to 5th day. Two 
ml of culture were removed aseptically from 
the undisturbed upper stratum and delivered 
into a 15 100 mm pyrex tube containing 2 
ml 0.002% sodium hypochlorite (NaClO)t+ 
in 0.85% NaCl solution. The NaClO was 
essential, the treponemes otherwise clumping, 
becoming atypical in morphology, and _fail- 
ing to adhere to slides. They were mixed 
well by gentle swirling, then sedimented by 
spinning 15 minutes at 1,000 g. The super- 
nate was decanted, and the organisms were 
washed once by resuspending in 4 ml 0.85% 
NaCl solution, centrifuging, and decanting as 
before. They were suspended finally in 
enough 0.85% NaCl solution to make the 
count 10-15/430 % microscopic field, 2.e., 
about 2 * 10°/ml. T. pallidum of the Nich- 
ols strain was available as suspensions eluted 
from fresh or frozen(5) syphilomatous rab- 


t No. 0257-01, Difco Labs., Inc., Detroit, Mich. 

}B.K chlorine-bearing liquid bactericide; active 
ingredient sodium hypochlorite 5.25%. Pensalt 
Chemicals Corp., Phila. 2, Pa. A 1:2,625 dilution was 
made in 0.85% NaCl solution. 
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bit testes in Nelson’s medium(6) containing 
streptomycin and penicillinase(7); they were 
used on the day of elution or after 1-15 days’ 
storage at 2-4°C. For FTA tests they were 
adjusted with Nelson’s medium to contain 
40-50 treponemes/430 > microscopic field, 
a count 3 to 4 times that of the Reiter sus- 
pension. This compensated for reductions in 
number/field that occurred during treatment 
of the films with serum and fluorescent anti- 
body; ordinarily 10-15/field remained for 
final examination. No such losses occurred 
with the NaClO-treated Reiter treponemes. 
New precleaned microscope slides (75 X 25 
>< 1 mm) and cover slips (22 & 22 mm, 
thinness No. 1) were used: two 1-cm circles 
were inscribed on the former with a template 
and diamond stylus. Slides and cover slips 
were soaked 1 hour in 95% ethanol, then 
wiped smooth with clean gauze followed by 
disposable tissue.) They were stored in dust- 
free containers. The technic of fluorescent 
antibody testing was essentially that given 
(1,2) for the FTA test. Aliquants (0.01 ml) 
of an antigen suspension were delivered into 
each of the circles on a slide and spread to 
fill the circles with a glass rod. The films 
were air-dried, after which the slides were 
immersed 10 minutes in acetone (Certified 
Reagent), and again air-dried. Sera to be 
tested were heated 30 minutes at 56°C, and 
a 0.1-ml sample diluted 1:200 stepwise by 
adding 1.9 ml phosphate buffered saline so- 
lution of pH 7.2 (PBS),|| mixing well, trans- 
ferring 0.10 ml to a tube containing 0.9 ml 
PBS, and again mixing well. The 1:200 di- 
lution sufficed for qualitative tests; for quan- 
titative testing, further serial 2-fold dilutions 
were made in PBS. In the test proper, 0.03- 
ml aliquants of diluted serum were added to 
2 films each of the Reiter and Nichols tre- 


§ Kimwipes, Kimberly-Clark Corp., Neenah, Wis., 

|| One liter of aqueous solution contained 6.8 ¢ 
NaCl, 1.48 g Na,HPO,, and 0.43 g KH,PO,. The 
formula differed slightly from that prescribed for 
FTA tests (Bacto Hemagglutination Buffer No. 0512, 
Difco Labs., Inc., Detroit, Mich.), but had better 
buffering capacity and did not affect FTA results. It 
was substituted primarily because it was regularly 
available from laboratory stocks(8). 


REITER FLUORESCENT TREPONEMAL ANTIBODY TEST 


ponemes, and the slides rotated! 30 minutes 
at 100 rpm in the incubator (37°C); they 
were protected from evaporation by lids. con- 
taining moistened blotting paper. The slides 
were then rinsed in PBS, soaked for 5 min- 
utes in each of 2 changes of PBS, and pressed 
gently on filter paper to remove excess mois- 
ture. Fluorescein-labeled horse antihuman 
globulin** diluted optimally (1:30) in PBS 
containing 2% Tween 80tt was then added, 
0.03 ml being distributed over each film, and 
the slides again rotated 30 minutes at 100 
rpm in the incubator. They were washed 
twice in PBS as before and blotted gently on 
filter paper. Finally, a drop of buffered gly- 
cerol (9 parts glycerol + 1 part PBS) was 
placed on each reaction site and surmounted 
with a cover slip. Slides were examined by 
darkfield microscope,+} using low  fluores- 
cence immersion oilS) between condenser and 
slide. Fields containing treponemes were lo- 
cated first by visible light, and the trepo- 
nemes then examined for fluorescence by ul- 
traviolet light. Degree of fluorescence was 
estimated, and the sera designated reactive 
(2+ to 4+ fluorescence) or non-reactive 
(— to 1+). Reactive specimens were di- 
luted serially in PBS and retested. Reac- 
tivity restricted to the 1:200 dilution was 
represented as a titer of 1; reactivity ex- 
tending to higher dilutions (1:400, 1:800, 
etc.) was represented similarly as 1/200th 
the reciprocal of the highest reactive dilution 
(titer == 2.4 etc). 


{| Rotating apparatus, electric, Cat. No. 3623, A. H. 
Thomas Co., Phila., Pa. 

** Sylvana Chemical Co., Orange, N. J. 

tt Hill Top Laboratories, Inc., Cincinnati, Ohio. 

++ American Optical Co., Model 2; objective, ach- 
romatic, 43X; condenser, C234, wide angle, with 
darktield stop plate. Illumination, Reichert “Fluor- 
ex” with power supply. Subocular filter OG-1 used 
continuously to exclude visible blue and residual UV 
light; filter BG-12 interposed for the switch from un- 
restricted to UV illumination. Intensity of illumi- 
nation controlled by Weston Master III universal ex- 
posure meter inverted on window of Reichert illumi- 
nator; adjustment to meter reading “800” made with 
illuminator diaphragm. 

§§ Type A, R. P. Cargille Laboratories, Inc., New 
York, N. Y. 


REITER FLUORESCENT TREPONEMAL ANTIBODY TEST 


TABLE I. Fluorescent Treponemal Antibody 

(FTA) Tests of 51 Syphilitie Persons Using Reiter 

(R) and Nichols (N) Strains of Treponema palli- 
dum. 


Numbers of persons yielding the given 


titers 
16 1 
8 3 
FTA(R) 4 4 3 1 
titer 
2 ff 10 
1 4 14 3 


<ul 1 


FTA(N) titer 


Results and discussion. The relative sen- 
sitivities of the RFTA (Reiter Fluorescent 
Treponemal Antibody) and FTA tests were 
determined by parallel titration of syphilitic 
sera; aliquants of the same serum dilutions 
served for both tests. RFTA and FTA titers 


of 51 individuals are represented in 
Table I. They were the same in most 
instances. However, the RFTA titer was 


twice the FTA in 16 instances, and one- 
half the FTA in 5 instances. To determine 
whether a_ significant difference existed, 
RFTA and FTA titers were transformed to 
logarithms and the differences between the 
logarithms calculated. An analysis(9) of 
these differences, based on Student’s t, 
yielded a value of 2.53, which would be ex- 
pected less than 2% of the time if the tests 
were the same. The RFTA test thus ap- 
peared slightly but significantly more sensi- 
tive for syphilitic antibody than the FTA 
test. Relative specificity for syphilis was 
evaluated by testing qualitatively sera from 
1) 103 healthy individuals, and 2) 38 persons 
with non-treponemal] infections or non-infec- 
tious disorders who were negative in a criti- 
cal 40-hour test(3,4) for TPI antibody; the 
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majority (35) of the latter reacted in stand- 
ard tests with cardiolipin antigens, and so 
provided a more critical test of specificity 
than sero-negative individuals. None of the 
healthy persons yielded RFTA or FTA reac- 
tions. One of the “non-specific” seroreactors 
reacted (titer = 1) in the RFTA test but 
was negative in the FTA. The test using 
Reiter treponemes requires further evalua- 
tion. However, present indications are that 
it may substitute effectively for the FTA test. 
The possibility of substituting an organism 
simply cultivated in vitro for one requiring 
in vivo maintenance holds advantages in sim- 
plicity and economy for the physician and 
diagnostic laboratory. 

Summary. A fluorescence test for trepone- 
mal antibody using the im vitro cultured Rei- 
ter treponeme compares favorably in sensi- 
tivity and specificity for syphilis with one re- 
quiring the virulent Nichols strain of T. pal- 
lidum which must be cultivated im vivo. 
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Interarterial Coronary Anastomoses in Neonatal Pigs.* 
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LEOPOLD REINER, DopriLA VRBANOVIC AND ALFONSO MADRAZO 
(Introduced by Alfred J. Weil) 
Department of Laboratories, The Bronx Hospital, and Department of Pathology, 
Albert Einstein College of Medicine, New York City 


The hearts of human neonates born at and 
beyond term, are endowed with interarterial 
coronary anastomoses in a high percentage of 
cases, as demonstrated by a technic of post- 
mortem arteriography based upon unilateral 
injection of the right or left coronary artery 
with a radiopaque mass(1). With this tech- 
nic it was disclosed that interarterial coron- 
ary anastomoses are not to be viewed as an 
all-or-none phenomenon but rather as a spec- 
trum of vascular communications which could 
be graded on a scale of from 0 to 4+ depend- 
ing on the arteriographic richness of vascular 
filling in the contralateral arborization. Col- 
laterals of any grade were found in 4/5 of 
all cases; fully one-third exhibited 4+ col- 
laterals. The question was raised whether 
these findings were characteristic of the neo- 
natal state of man or whether they also ap- 
plied to other mammals. To this end, the 
hearts of neonatal pigs were examined. 

Materials and methods. Twenty-nine new- 
born and young suckling pigs were obtained 
from 3 different sources in Westchester and 
Dutchess Co., New York. Of these, 7 were 
stillborn having died presumably at or near 
term as judged by their birth weights; the 
remainder died within 2 hours after birth or 
were killed during the first 12 postnatal days 
by ether inhalation or by a blow on the 
head. In Table I the animals are listed ac- 
cording to sex, age and weight of body and 
heart. The 29 animals belonged to 17 litters, 
4 of these litters being represented by 2, 2, 4 
and 8 animals, respectively. All the animals 
were offspring of primiparous sows bred soon 
after attainment of sexual maturity at the 
age of 8-9 months and approximately 1 year 
of age at time of delivery. (Gestation in the 
pig according to the mnemonics of breeders 
takes 3 months +- 3 weeks + 3 days). 

Apart from atresia ani in a few of the ani- 


* Supported by Research Grant from Nat. Heart 
Inst., N.I.H. 


mals no developmental abnormalities were 
noted. Two animals showed fibrous adhe- 
sions between loops of the small intestine. 


The technic of arterial injection was iden- 
tical with that employed in the study of hu- 
man hearts(1). In short, it comprised the 
following steps: 1) Cannulation of right and 
left coronary arteries with polyethylene tub- 
ing; 2) Flushing of both coronary arteries 
with 1-2 cc of physiological (0.9%) saline 
solution by a hand-operated syringe; 3) Uni- 
lateral injection of either right (13 cases) or 
left (16 cases) coronary artery with a highly 
viscous, radiopaque mass (barium sulfate in 
gelatine at pH 6.2)(2) for 10 minutes and 
at a pressure which was gradually raised to 
150 mm Hg; 4) “Unrolling” of the heart 
(3); 5) Stereoscopic x-ray photography. 

Results. In all the hearts the arborization 
injected showed optimum filling as judged by 
the appearance on X-ray films. However, in 
none of the hearts was any injection mass 
seen in the contralateral arborization. The 
injection mass here employed advances quite 
regularly into vessels having a diameter of 
about 40 ,(2) and irregularly into still 
smaller vessels (as measured in paraffin sec- 
tions after formalin fixation of the tissues), 
without entering capillaries or crossing over 
into veins. Thus, the findings indicate the 
absence of interarterial coronary anastomoses 
of about 40 » or larger in the hearts of neo- 
natal pigs, under the conditions of the ex- 
periments. These findings are essentially 
identical with those of a previous series in 
which the above technic was applied to hearts 
of 18 adult pigs of unknown sex and age. Of 
these 18 hearts, 17 showed no collateral flow 
and 1 showed 1-+-. 


Discussion. Postmortem injection of 
hearts of human neonates previously _ re- 
ported has revealed the existence of interar- 
terial coronary anastomoses in a high per- 


centage of those born at or beyond term, in- 


INTERARTERIAL CORONARY ANASTOMOSES 


TABLE I. Distribution of Neonatal Pigs by Sex, 
Age and Weights of Body and Heart. 


Sex Wt f 
No. of (g) 0 
Age cases Ce? Body Heart 
Stillborn 
— 7 4> 3 930-1170 .7.5-10.5 
Liveborn 
2 hr 10 o. 4 590-1220 6.0— 8.5 
J— 3 days 6 LF ia 830-1360 7.5-12.5 
4-12 ” 6 ep 2010-2940 15.0-35.0 


cidence and degree of such collaterals increas- 
ing with weights of body, brain and heart. 
In analogy to the observations of Zoll e¢ al. 
(4) in adults the possibility was considered 
that development of collaterals in term and 
overdue babies was mediated by intrauterine 
hypoxia including that due to deterioration 
of fetal oxygen supply which, according to 
Walker & Turnbull(5) occurs in late and 
especially in postmature stages of human 
pregnancy, as well as in pre-eclampsia and 
other abnormal states. Interarterial coron- 
ary anastomoses were observed also in pre- 
mature neonates but, for undetermined rea- 
sons, only in those born of mothers 23 years 
of age or under. In some of these premature 
cases, development of collaterals may have 
been related to maternal toxemia; in some 
others, coexistent congenital heart disease in 
the neonate may have played a role. 

The absence of interarterial coronary an- 
astomoses in hearts of neonatal (term) pigs 
indicates that the factor or factors which in 
human neonates govern development of col- 
laterals in general, and of high-grade col- 
laterals (3+ and 4+), in particular, do not 
operate in the pig. The difference between 
the 2 species may be an organ characteristic 
since under natural conditions collaterals are 
absent not only in the newborn pig but with 
rare exceptions also in the adult animal 
whereas in normal hearts of man (low-grade) 
collaterals are a common finding throughout 
postnatal life. On the other hand, the dif- 
ference between the 2 species may be sec- 
ondary to specifics of the intrauterine envir- 
onment including differences in degree and 
duration of hypoxia, in adaptation on the 
part of the fetus or in both. Since interar- 
terial coronary anastomoses in human _neo- 
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nates, especially those of high grade, might 
be looked upon as altogether pathological and 
the result of such states of pregnancy as are 
also associated with increased perinatal mor- 
tality, it is perhaps significant that no col- 
laterals had developed even in the pig fe- 
tuses which had died either im utero or 
shortly after delivery. 

Differences of placental structure(6) prob- 
ably played no role since the hemochorial pla- 
centa of man would be expected, if anything, 
to provide a better oxygen supply to the fe- 
tus than the epithelial-chorial placenta of the 
pig. In the former, maternal blood circulates 
freely in the intervillous space and oxygen 
has to travel through only 3 anatomic layers 
(villous epithelium, villous stroma and en- 
dothelium of fetal capillaries) whereas in the 
latter, 6 layers intervene between maternal 
and fetal blood (endothelium, stroma, and 
epithelium on the maternal side and, in re- 
verse order, on the fetal side). However, 
Dempsey(7) has pointed out that “the pla- 
cental type does not accurately describe the 
distance across which metabolites must be 
transferred” and that it is therefore unjusti- 
fied to draw physiological inference from 
anatomic schemes. Amoroso(8) reported 
that of all the placentas examined (by Louis 
Flexner) only the placenta of the pig failed 
to show a terminal decline of sodium trans- 
fer, that “it is the only one which remains 
functionally active to term and even seems 
to improve with age” and that it does not dis- 
play the senescent changes seen in placentas 
of most other mammals. The possible rele- 
vance of these remarks to the current topic is 
obvious and calls for investigation of inter- 
arterial coronary anastomoses in other mam- 
malian species. 

Summary. The right or left coronary ar- 
teries of the hearts of neonatal pigs were in- 
jected with a highly viscous barium sulfate- 
gelatine mass which quite regularly fills ves- 
sels down to a diameter of about 40 » and 
which fails to enter capillaries or cross over 
into veins. No anastomoses were demon- 
strated in 29 hearts examined. This is in 
contrast to the findings in hearts of human 
term neonates which are endowed with col- 
laterals of varying grades in most cases. The 


734 


differences between the 2 species indicate that 
interarterial coronary anastomoses in hearts 
of neonates are not a general characteristic 
of the mammalian phylum but rather of man. 
Whether they are unique to the latter re- 
quires the study of neonatal hearts in other 
species. 
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2. Schlesinger, M. J., Lab. Invest., 1957, v6, 1. 
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During the past several years a number of 
reports of allergic reactions to hyaluronidase 
have been published(1-5). Holborrow and 
Keech(1) believed that the occurrence of hy- 
persensitivity reactions in their patients was 
probably due to presence of protein impuri- 
ties in the hyaluronidase preparations em- 
ployed. Although the purity of more recent 
preparations has been emphasized(2), the 
data to follow will indicate that a highly puri- 
fied commercial hyaluronidase extracted from 
bull testes was found to contain considerable 
bovine serum proteins. Such impurities 
could easily have been responsible for the re- 
ported allergic reactions to hyaluronidase. 

Experimental. An adult albino rabbit was 
injected subcutaneously once or twice weekly 
with 1-4 mg of hyaluronidase (Wydase)t in 
Freund’s adjuvant. A total of 16 mg was 
administered over 5 weeks. Five days after 
the last injection the animal was bled and 
its serum tested for antibodies to bovine se- 
rum albumin (BSA) and bovine gamma glob- 
ulin (BGG) by the hemagglutination technic 
of Stavitsky and Arquilla(6). BSA or BGG 
coupled to rabbit red blood cells with bis- 
diazotized benzidine served as antigens. 


* This investigation was aided by research grants 
from Nat. Inst. of Health, U.S.P.HS. 
t Wyeth Laboratories, Philadelphia, Pa. 
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Table I shows that the serum of the rab- 
bit injected with hyaluronidase had a titer 
of 1:10,240 to BSA and a titer of 1:10,240 
to BGG. Pre-incubation of this serum with 
1 mg of hyaluronidase reduced the titer to 
zero. In the next experiment a series of dilu- 
tions of a rabbit anti-BSA serum (titer 
1:25,600) was incubated with various 
amounts of BSA or hyaluronidase prior to 
addition of BSA coupled to red cells. Table 
II demonstrates that 1 mg of hyaluronidase 
reduced the anti-BSA serum titer to zero 
and 0.1 mg lowered the titer to 3200; .01 mg 
of hyaluronidase had no inhibitory effect. 
Comparison of the above inhibition with that 
produced by BSA (Table IT) suggests that 
the hyaluronidase preparation employed had 
1/100 to 1/1000 the inhibiting activity of 
BSA.  Pre-incubation of rabbit anti-rye 
grass serum with 1 mg of hyaluronidase did 
not lower the titer of this serum to rye grass 
pollen (Table IT). 


In a third experiment mice were sensitized 
to BSA by intraperitoneal injection of 5 bil- 
lion Bordetella pertussis organisms and 4 mg 


of BSA(7). Ten days later the animals were 
challenged intravenously with various 
amounts of BSA or hyaluronidase. Due to 


the small amounts of material used in chal- 
lenge, fatal anaphylaxis did not take place 


ALLERGIC REACTIONS TO HYALURONIDASE 


TABLE I. Demonstration of Antibodies to Bovine 
Serum Proteins in Serum of a Rabbit Injected with 


Hyaluronidase. 
Antigen 
Rabbit Inhibiting on Reciprocal 
antiserum antigen* red cell of titer 
Anti-hyalu- ca BSAt 10,240 
ronidase 
9g ~~ BGGt 10,240 
ey 1 mg hyaluroni- BSA 0 


dase 


* Ineubated with antiserum for 30 min. at room 
temperature prior to addition of antigen on red 
cell. 

+ Bovine serum albumin. 

¢{ Bovine gamma globulin. 


(ordinarily 1 mg of BSA will kill 50-75% of 
the animals). The occurrence of anaphylaxis 
was determined by noting symptoms and re- 
cording the fall in rectal temperature after 
challenge(8,9). The data in Table III dem- 
onstrate that both BSA and hyaluronidase 
caused symptoms of anaphylaxis and a fall 
in rectal temperature in BSA sensitive mice. 
The activity of the hyaluronidase preparation 
was approximately 1/200 to 1/1000 that of 
the BSA, a ratio very similar to that obtained 
by the hemagglutination inhibition technic 
(Table II). There seems little doubt that 
our hyaluronidase preparation contained bo- 
vine serum albumin (0.1-1%), bovine 
gamma globulin, and other serum compon- 


TABLE II. Inhibition of Hemagglutination by 
BSA and Hyaluronidase. 


Antigen 
Rabbit Inhibiting on Reciprocal 
antiserum antigen red cell of titer 
Anti-BSA — BSA 25,600 
ie 1 mghyaluroni- ” 0 
dase 
#2 see A 4 3200 
"3 Ns haat z 25,600 
a8 10 yg BSA ¥ 0 
” 1 Me ” ” 400 
” &) ” ” ” 3200 
Anti-rye grass — Ryegrass 25,600 
Idem Img hyaluroni- Idem 25,600 


dase 
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ents, although it is conceivable that the re- 
sults obtained were due to the fact that bo- 
vine hyaluronidase has antigenic determin- 
ants similar to those in BSA or BGG. In 
view of the probability that other commercial 
hyaluronidase preparations also contain bo- 
vine serum proteins as impurities, it may be 
advisable to skin test a patient with bovine 
serum prior to administration of hyaluroni- 
dase. 


TABLE ITI. Anaphylaxis in BSA Sensitive Mice 
after Challenge with BSA or Hyaluronidase. 


Mice sensitized Challenged 10 days Reactors* 
with later with /Total 
—_— 25 ue BSA 0/10 
.1 ml pertussis vae- Dope a 1/8 
cine + 4mg BSA 
Idem D Ditties 6/8 
a 5 mghyaluronidase 5/10 
” Ds ” ” 0/7 
Pas 5 ” ” 0/10 


* Symptoms of anaphylaxis plus a temperature 
drop greater than 2°C. 

Summary and conclusions. It has been 
demonstrated by hemagglutination inhibition 
tests as well as by induction of anaphylactic 
shock that a commercial hyaluronidase 
preparation contained a small but appreci- 
able amount of bovine serum proteins. In 
view of the known allergenic properties of 
such impurities it is suggested that skin tests 
with bovine serum precede administration of 
hyaluronidase. 
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Several authors(1,2) have suggested that 
identification of certain viruses could be 
simplified by determining their susceptibility 
to ether or sodium desoxycholate. Although 
such sensitivity appears to be a rather con- 
stant characteristic of some viruses, it ap- 
pears to be a group attribute and thus should 
be of considerable utility in the initial classi- 
fication of a newly isolated, unidentified 
agent. Of the 2 systems, that utilizing ether 
has perhaps been employed more often but 
with considerable variation in the procedures. 
These have been in terms of the ether and 
concentration employed and temperature and 
time of exposure. Finally, the residual ether 
must be removed by evaporation. Sodium 
desoxycholate has its own disadvantages in 
that solutions have to be prepared and steri- 
lized for this purpose. 

It occurred to us that if the method could 
be more readily standardized and simplified 
it could be of considerable aid, especially for 
those working in the respiratory virus field. 
Chloroform suggested itself as possibly a 
more efficient substitute for ether because of 
its greater polarity as a lipid solvent. It of- 
fered the additional advantage of being heavy 
and, therefore, readily separable by sedimen- 
tation. It was found that those agents that 
are susceptible to ether are also susceptible 
to chloroform while those that are resistant 
to ether are not affected by chloroform. 

Materials and methods. Chloroform. This 
was of the analytical reagent grade (Mallin- 
krodt). Viruses. The various strains em- 
ployed were obtained from a_ variety of 
sources but their identity was reestablished 
by appropriate serological tests in this lab- 
oratory. Hemadsorption tests. These were 
performed as described by Chanock, et al. 
(3). Hemagglutination tests. Those con- 
ducted with the influenza viruses were car- 
ried out with formalinized human _ erythro- 


* Supported by grants from Nat. Inst. of Health, 
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cytes as previously reported from this labora- 
tory(4). Hemagglutination with the hemad- 
sorption viruses was measured as described 
by Chanock(3). 

Chloroform treatment. It was found that 
a mixture of 0.05 ml of chloroform and 1 ml 
of either allantoic or tissue culture fluid con- 
taining virus represented a suitable propor- 
tion. Although a number of mixing times 
were tested, it was soon learned that 10 min- 
utes of shaking the chloroform-virus contain- 
ing fluid was sufficient to kill the susceptible ~ 
but not the resistant agents. It seemed to be 
immaterial whether shaking was performed 
by hand at room temperature or in a mechan- 
ical mixer at 4°C. Immediately after shak- 
ing, the fluid usually was centrifuged at 400 
rpm for 5 minutes. The chloroform then ap- 
peared on the bottom of the tube, above this 
was an opaque, interphase layer, covered by 
the clear, suspending medium. The latter 
was removed and used for either egg or tissue 
inoculation or for hemagglutination. Separa- 
tion, also, can be accomplished by permitting 
the chloroform to sediment in tubes standing 
in a rack. This may be particularly advan- 


tageous when there are many preparations to 
handle. 


Results. All of the influenza strains tested 
(PR-8, FM-1, Asian and B(GL)) proved to 
be non-infectious after undiluted, infected al- 
lantoic fluid was shaken with chloroform and 
the supernate inoculated into the allantoic 
cavities of 10-day embryonated eggs. This 
was also true of a PR-8 strain which had 
been adapted to grow well in embryo bovine 
kidney cells(5) (Table I). However, ability 
of these fluids to agglutinate red cells re- 
mained relatively undisturbed, even if ex- 
posure to chloroform exceeded 10 minutes 
(Table II). Such treated virus remained 
suitable for use in the hemagglutination-in- 
hibition test. 

The hemadsorption viruses also appeared 
to be inactivated by exposure to chloroform. 


CHLOROFORM. SENSITIVITY OF VARIOUS VIRUSES 
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TABLE I. Effect of Treatment with Chloroform upon Viability of Several Viruses. 


a ee ae ee EE oe es ee ea eS 
SSS SSS SSS 


Virus titer* 
CHC), 


Chloroform 
Virus Cell substrate Treated Untreated — susceptible 
Influenza A (PR-8) Embryo bovine kidney 0 5.0 Sensitive 
Parainfluenzat 1 Monkey kidney 0) 1.8 a 
2 Idem 0 1.2 ie 
3 » 0 2.1 = 
Polio I (Mahoney) Tog fot Resistant 
Coxsackie A-9 ~ 7.9 8.2 is 
‘: B-1 a 6.2 6.7 + 
ECHO 4 A 4.7 5.2 ‘ 
eae G ie 7.2 7.2 a 
ah 39) 6.2 6.7 a 
Adenovirus 3 HeLa 5.2 5.2 ‘ 
< 4 2 4.9 £9): be 
cf ic 5.2 5.5 a 
Coe i 6.9 6.9 , 
Chavis 0 5.7 Sensitive 
151 J Monkey kidney 6.6 6.6 Resistant 
M. W. Hep.-2 5.7 5.7 : 


* Expressed (except as noted) as log TC ID; /ml. 
+ Parainfluenza virus titers expressed as log HAU/ml. 


Another, as yet unidentified, agent which has 
been obtained from human throats and la- 
belled “Chavis virus” in this laboratory was 
readily inactivated by chloroform. This 
agent is also susceptible to ether. On the 
other hand, poliovirus 1 (Mahoney), Cox- 
sackie A-9 and B-1, echo 4, 6 and 9, adeno- 
virus 3, 4 and 7 and Coe virus all survived 
exposure to chloroform as they have been 
reported to do to ether. Viruses 151J and MW 
recently isolated in this laboratory are resis- 
tant to both ether and chloroform. One of 
these is suspected of being an adenovirus and 
the other, a member of the echo group. 
Discussion. The advantages of being able 
TABLE II. Effect upon Hemagglutination Titer 


of Shaking Influenza Virus (PR-8) for Various 
Periods with and without Chloroform. 


S 

og: 

is ae = 10 min. 30 min. 60 min. 

Bee 

fe5s CHCl None CHCl, None CHCl, None 

10 ai ar == te =i ar 

100 a le sr ae == at 
200 iF a St =e ap se 
400 ar ar = IF “IF =a 
s00 + + ae 5 he 3 

1600 0 ts a ai 0 ap 

3200 0 + 0 0 0 a 


to categorize a virus by a series of relatively 
simple physical or chemical measures are ap- 
parent and have appealed to other investiga- 
tors. The apparent efficacy of the method 
described here is particularly attractive. 
Whether ether susceptible arbor viruses also 
would be sensitive to chloroform can not be 
stated on the basis of this study. They should 
behave in similar fashion unless treatment of 
infected mouse brain imposes additional re- 
quirements as regards exposure time or con- 
centration of chloroform. Whether the im- 
munogenicity of chloroform-sensitive viruses 
is altered by such treatment also remains to 
be determined. Davenport, ef al.(6) re- 
cently reported that influenza virus exposed 
to ether retained its abilities to agglutinate 
red cells and also was capable of inducing 
antibodies to inhibit this reaction. The au- 
thors suggest that a vaccine made from virus 
treated in this way might have some advan- 
tages over those currently in use. The rela- 
tive effectiveness of chloroform treated virus 
in this regard is to be investigated. 
Summary. A number of myxoviruses were 
found to be susceptible to chloroform. on 
short exposure in the same way that they are 
sensitive to the action of ether. On the other 
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hand, the adeno, Coxsackie, echo, polio and 
Coe viruses tested, were resistant to chloro- 
form. 
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Effect of Testosterone Propionate on Tissue Protein Synthesis in the 


Castrated Male Rat.* 


(26460) 


MarceEto E. NIMNI AND LUCIEN A. BAVETTA 
Department of Biochemistry and Nutrition, School of Dentistry, University of Southern California, 
Los Angeles 


The fact that nitrogen retention occurs 
after administration of androgenic steroids to 
gonadectomized animals is well established 
(1). This nitrogen retention has been 
equated with the overall synthesis of total 
body protein, hence the employment of “ana- 
bolic” steroids in attempts to increase over- 
all retention of nitrogen. However, this hor- 
monal induced nitrogen retention has been 
shown to occur in the castrated rat even dur- 
ing consumption of a protein deficient diet 
(2) and a positive nitrogen balance could be 
maintained in spite of a loss of body weight. 
Furthermore rate of body weight loss was 
not influenced by the nitrogen retained. 

No definite information is available re- 
garding the location of the nitrogen stored by 
the body during androgenic treatment. The 


amount of nitrogen retained is greater than 
can be accounted for by growth of the sex or- 
gans. It would be of interest to localize the 
sites of protein synthesis which are stimu- 
lated by testosterone. 

For this purpose we decided to utilize the 
rate of labeling of tissue proteins of cas- 
trated male rats receiving a tracer dose of 
1-C'4-glycine as a measure of the anabolic 
activity of the tissues under consideration. 

Materials and methods. Male Wistar rats 
were bilaterally castrated under light ether 
anesthesia when they were 2 months old. 
Fifteen days after gonadectomy they were 
implanted subcutaneously with sterile poly- 
vinyl sponges (Ivalon), to study the ef- 
fects of the hormone on rate of synthesis of 
a newly formed protein such as collagen. 


TABLE I, Effect of Testosterone Propionate on Uptake of C'-Glyeine into Protein and Non- 
Protein Fractions of Tissues in Gonadeetomized Male Rats.* 


Perin. 
Treatment Serum Sem. ves. Kidney Heart Liver Diaphr. muse. Brain 
Abele 60+ 8t 57411 4029 1522 29+4 9+2 ba24 42555 
EOE (8.9) (6.3) (2.1) (3.5) (2.9) (138.2) (1.0) 
Control Geta Miia ie oor ayer al ie ali Se. Wyse a) aes 
(2.3) (5.8) (7.3) (2.7) (4.6) (4.0) (5.5) (.6) 


* Sacrificed 5 hr after inj. of C™-glycine. 


t Tissue protein specific activity counts/min./mg protein, and stand. error, 
{ Non-protein fraction radioactivity counts/min./mg tissue protein. 


* This investigation was supported by U.S.P.HS. 
grants, 
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ein and Non-Protein Fractions of Tissues and Polyvinyl Sponges of Castra 
after Injeetion of C\-Glycine. 


Male Rats at Different Time Intervals 


TABLE II. Effect of Testosterone Propionate on Specific Activity of Prot 


Subcut. 
Skin sponge 


Gluteus 


Time after 


Brain 


Heart Liver Diaphr. Perin, muse. medius 


Kidney 


Sem. ves. 


Treatment Serum 


inj., hr 
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53 
46 


49 
40 


aes 
Controls 
NAP. 


10 


Controls 


TPs 


20 


Controls 


id Wa) Bs 


40) 


60 


Controls 


* Specific activity of tissue protein = counts/min./mg protein. 


+ Non-protein fraction = counts/min./mg tissue total proteins. 


Two weeks later they were injected intra- 
muscularly for 3 days with 2.5 mg/day of 
Testosterone Propionate in 0.25 ml of sesame 
oil. Simultaneously with the last dose of 
hormone (or sesame oil in the controls), all 
animals received intramuscularly 5 pC of 
1-C'4-glycine (4.5 mC/mM) in normal sa- 
line. They were then sacrificed by overex- 
posure to ether after removing blood sam- 
ples by cardiac puncture. The organs under 
investigation were removed and aliquots were 
homogenized at high speed in a Potter-Elveh- 
jem glass homogenizer using 4% TCA as 
homogenizing fluid. After centrifugation the 
non-protein fraction was measured for radio- 
activity. The protein component was washed 
following the procedure of Siekevitz(3), and 
finally plated on aluminum planchets and 
counted with a gas-flow ultra thin window 
Geiger-Muller tube. Corrections were made 
for self-absorption. Skin was _ previously 
shaved, then dehydrated and defatted by 
shaking during two 10-hour periods with ace- 
tone and during 24 hours with ether. It was 
then dried in an oven to constant weight. 
Subcutaneously implanted sponges were care- 
fully dissected free of surrounding tissue. 
Both skin and sponges were gelatinized by 
autoclaving with water at 15 psi. for 8 
hours. Collagenous protein was plated and 
its activity measured as described above. 

Results and discussion. Table I shows the 
distribution of radioactivity 5 hours after in- 
jection of the tracer amino acid in the pro- 
tein and non-protein fractions of different 
tissues. The highest specific activity is 
found in the circulating serum proteins of 
the control animals. The control rats show 
also a larger uptake of radioactivity by the 
liver protein fraction. This observation 
would seem to correlate with im vitro experi- 
ments where a slight inhibition of protein 
synthesis occurred in livers of testosterone 
treated mice(4) and rats(5) and also with 
the loss of liver mass which occurs in rats 
receiving this hormone(6). 

The organs most significantly stimulated 
in their protein synthesis were the sex linked 
ones, namely seminal vesicles and perineal 
complex muscles. 

Table II summarizes the effect of testos- 
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terone administration on distribution of ra- 
dioactivity after different time intervals. 
Again the principal sites of hormonal stimu- 
lation were at the level of the sex linked or- 
gans. However, some stimulation of protein 
synthesis of borderline significance appeared 
to take place in the skin of the hormone 
treated animals. The high protein synthe- 
sizing activity which takes place in the per- 
ineal muscle is of interest. This muscle com- 
plex includes the levator ani muscle which is 
widely utilized as a site for measuring myo- 
trophic activity (namely anabolic activity). 
The behavior of this muscle differs from that 
of the other muscles under study (diaphragm 
and gluteus medius) and points to the un- 
desirability of arbitrary selection of an or- 
gan for measuring anabolic properties of 
compounds. It had previously been shown 
that hypertrophy of the levator ani muscle 
occurred as a consequence of hormone admin- 
istration even during the feeding of protein 
free diets(7). 

The results obtained with skin and im- 
planted sponges indicating an increased syn- 
thesis of collagen as a result of hormone ad- 
ministration are preliminary. Further ex- 
periments will explore the extent and _ sig- 
nificance of this increased labeling. This ob- 
servation could be a consequence of an in- 
creased turnover of pre-existing collagen 
molecules induced by testosterone treatment. 
Boucek et al.(8) observed that the rate of 
labeling of newly formed collagen after injec- 
tion of radioactive lysine was greater in the 
male than in the female, although the net 
synthesis was approximately equal for both 
sexes. 

The value recorded for the radioactivity 
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present in the non-protein fractions seems to 
be increased in all the tissues which show a 
stimulated protein synthesis. Supporting the 
conclusions of Frieden et al.(4), studying im 
vitro uptake of glycine by mouse kidney 
slices, where it was postulated that testos- 
terone owes at least part of its activity to 
its efficiency in facilitating intracellular ac- 
cumulation of amino acids as a preliminary 
step to protein synthesis. 

Summary. Injection of testosterone pro- 
pionate to castrated male rats stimulated pro- 
tein synthesis at the level of the sex linked 
organs, skin, and in subcutaneously im- 
planted polyvinyl sponge. Other tissues 
studied showed no effect of testosterone on 
rate of protein labeling after receiving 1-C'4- 
glycine. The unique behavior of the perineal ” 
muscle in contrast to other skeletal muscles 
points to its unsuitability for myotrophic as- 
say of anabolic hormones. The tissues where 
anabolic activity was stimulated also showed 
a concomitant increase of radioactivity in 
their non-protein fractions. 
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Effect of Dietary Protein and Ascorbic Acid Levels on Biosynthesis 


of Collagen.* 


(26461) 


L. A. BAvEettTa, Pat O’Day anp Isaac BEKHOR 
Department of Biochemistry and Nutrition, School of Dentistry, University of Southern 
California, Los Angeles 


An important relationship has long been 
implicated between ascorbic acid and the 
metabolism of collagen and connective tissue. 
Hojer(1) reported that in scurvy, collagen 
formation is diminished and there is a de- 
ficiency of collagen in the connective tissue. 
Abt et al.(2) as well as Schauble e¢ al.(3) 
reported that, in guinea pigs, a direct rela- 
tionship exists between the amount of ascor- 
bic acid in the diet and its concentration in 
the scar tissue. Gould(4) has demonstrated 
a direct effect of ascorbic acid on rate of bio- 
synthesis of collagen in the guinea pig. In 
addition, the literature is replete with ex- 
perimental studies relating the importance of 
Vit. C to normal wound healing. Although 
a need for ascorbic acid in collagen formation 
is quite evident, the exact mechanism is not 
entirely clear. 

It is well known that rats synthesize as- 
corbic acid under normal conditions to meet 
their metabolic needs. However, it is pos- 
sible that under conditions of stress, such as 
a low protein diet, synthesis of ascorbic acid 
or its utilization may be impaired so that 
rate of collagen biosynthesis is affected. 

This experiment was designed to determine 
the rate of collagen biosynthesis in rats un- 
der the influence of different dietary levels of 
protein with and without extra ascorbic acid 
supplementation. The biosynthesis of col- 
lagen was determined utilizing the sponge 
technic as employed by Boucek(5). It was 
assayed at the end of 7, 14, and 21 days after 
implantation. Collagen was quantitatively 
estimated by measuring the hydroxyproline 
content after hydrolysis employing the 
method of Newman and Logan(6). 

Methods. ‘The diets employed contained 
casein at the 8% and 22% level. The basal 
ration had the following composition: caseint 
8.0; sucrose, 70.5; cottonseed oil, 10.0; Wes- 


son salt mix, 5.0; choline chloride, 0.2; and 
l-cystine, 0.3. To each kg were added the 
following crystalline vitamins: thiamine hy- 
drochloride, 40 mg; riboflavin, 20 mg; pyri- 
doxine hydrochloride, 20 mg; calcium panto- 
thenate, 100 mg; nicotinic acid, 100 mg; as- 
corbic acid, 200 mg; biotin, 4 mg; folic-acid, 
10 mg; para-aminobenzoic acid, 400 mg; in- 
ositol, 800 mg; Vit. Bys, 150 wg; 2-methyl- 
naphthoquinone, 5 mg; choline chloride, 2 g; 
Viti A; 5000-U.s. Ps units: Vit= D55-500: U.P: 
units; and alpha tocopherol acetate, 100 mg. 
One of the 8% casein diets and one of the 
22% casein diets had 1 g of ascorbic acid 
added to each kilogram of diet in addition to 
the amount of ascorbic acid already present 
in the vitamin mixture employed (0.2 g 
ascorbic acid per kg of diet). All diets were 
prepared fresh every 3 days and stored in a 
refrigerator at 4°C. 

One hundred and twenty young male rats 
of the Holtzman strain, weighing 90 to 110 
g were used. The animals were divided into 
4 groups of equal weight distribution and 
each group was placed on one of the above 
diets. The animals were housed in individ- 
ual wire bottomed cages and were allowed to 
eat and drink ad lib. during the experiment. 
All animals were weighed twice weekly. 

After one week on their respective diets 
the rats were implanted with the polyvinyl 
sponges. One sponge weighing from 100-140 
mg was implanted aseptically along the dor- 
sum of each rat. One-third of each group 
was sacrificed after 7, 14 and 21 days re- 
spectively after sponge implantation. The 
sponge tissue was removed from each animal 
along with samples of dorsal and ventral skin. 
Each animal had been shaved with electric 
clippers to remove hair from the skin areas 
where the skin samples were taken. All 
these samples were immediately frozen subse- 


* This investigation was supported by U.S.P.HLS. 
grants. 
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2 quent to collagen analysis. si 

oo ao mie Results. The results of the biosynthesis 
9 EF ue ae of collagen in the sponge implants are given 
24 eee IN in Table I along with the statistical data. 
4 go OK “ After one week the 8% casein group with 
EE a es ea extra Vit. C added to its diet had a mean 
value of 37.2 mg collagen per g implanted 
eras sponge whereas the 8% casein group without 
S | ee eect ef the additional Vit. C had 24.0 mg of colla- 
ogiy ZS Mes ae gen per g implanted sponge. The P value 
car Anes. between the groups was 0.02, thus there is a 
4\|s F ees ae, eas ay S significant difference between the collagen 
C Sy cE See teaysigse Vv values indicating the added Vit. C stimulated 
a > a é collagen biosynthesis during this period. 
a 2 After 2 weeks the 8% casein group with 
bp [ ze Sie. dome a added Vit. C had a mean sponge collagen 
= 4 Ee ea rad x content of 66.4 mg of collagen per g sponge 
= = Sar a and the 8% casein group without added Vit. 
2 Bo. Sai ce ae = C supplementation had an average content 

g mHloOS OO V PP. : 
& = Lp Dice ig of 61.1 mg per 1 g sponge. There is prob- 
a ably no significant difference between the 
a a two groups at the end of the second week or 

= Bo S ro at the end of 3 weeks. 
& oh a oo aS es One week after sponge implantation, the 
4 a Soe 22% casein group with added Vit. C supple- 
3 - AS) ie ape mentation had a mean sponge collagen con- 
4 | 2 Hl ee wo tent of 66.4 mg collagen/g sponge, while the 
2 in corresponding group without added Vit. C 
S . a had a value of 45.7 mg collagen/g sponge. 
|| 8 ee Mie Seah This represents a highly significant differ- 
2 e 2 EP ois FeLi v ence between the 2 groups. After 2 weeks 
Sg 3 = S15” the Vit. C supplemented group had an aver- 
Ss - | Bz bp aoe Us age sponge collagen content of 112.4 mg col- 
Slee = rity et lagen/g sponge whereas the unsupplemented 
q fe 22% group had a mean value of 85.5 mg 
q | 2° ac wae & collagen/g sponge, a highly significant dif- 
A ait Eh yet he ats ference. There is no significant difference 
e E 2 e3 i eet between the two groups at 3 weeks. Thus 
| 7) a © there is a significant increase in biosynthesis 
a EE ao 4 of sponge collagen mediated by Vit. C sup- 
es plementation at the first week with a 8% 
BS casein diet and at both the first and second 
oo week on the 22% casein diet. The content 
eB : " of collagen in skin of the animals from the 
5 wos 2 various experimental groups is given in 
| oo 6 3 ae 2. Table II. No essential difference between 
: ei igh ° fee ‘ the groups was found. No significant differ- 
5 Be 5 Fs BA OE A ences were observed in weight increment of 
baa aie i the various groups which could be ascribed to 
Sa #25 supplementation with extra amounts of 
Mitac: 
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TABLE IT. Skin Collagen Expressed as Percent Collagen Dry Fat Free Sample. 


a ye Wk 9 


With Vit.C Without Vit.C With Vit.C Without Vit.C With Vit.C Without Vit. C 


Wk 3 — 


Casein 
8% 33.5 35.0 42.0 
22% 34.0 32.9 37.2 
Discussion. The results of these experi- 


ments indicate a direct action of ascorbic acid 
on the initial biosynthesis of collagen in im- 
planted polyvinyl sponges in the rat. This 
effect was much more marked under condi- 
tions of higher protein intake. It is quite 
probable that the mechanism for rapid colla- 
gen formation requires ascorbic acid as a 
component or that the vitamin may serve to 
expedite earlier release of some inhibitory 
mechanism resulting in rapid biosynthesis of 
collagen. The negative results obtained on 
skin collagen may be explained on the basis 
of the extremely slow turnover of body col- 
lagen as compared to such rapid synthesis as 
that encountered in the experimental system 
employed. 

Summary. Our results indicate that on a 
diet containing 22% casein, extra amounts 
of dietary ascorbic acid caused a substantial 
increment in collagen synthesis which was 
significant during the first 2 weeks after 


Countercurrent Exchange in Vessels of Renal Medulla. 


42.4 
37.7 


43.2 
39.4 


37.3 
34.6 


sponge implantation. It was also increased 
by Vit. C supplementation of diets contain- 
ing 8% casein but the results were less 
marked than with the higher protein level. 
The results also indicate that addition of 
extra amounts of Vit. C to these diets im- 
proved their biological value from the point 
of view of biosynthesis of collagen but not 
for growth. 
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After the proposal of the countercurrent 
multiplier hypothesis of renal medullary 
function, Wirz(1) was able to show by micro- 
puncture experiments that the papillary 
blood supply was subject to renal counter- 
current osmotic concentration and dilution. 
Berliner ef al.(2) in restating and modifying 
the countercurrent hypothesis considered the 
medullary circulation to be simply a passive 
countercurrent exchange system working in 


* Present address: Bispebjerg Hospital, Copenhag- 
en, Denmark. 


parallel with an active tubular countercur- 
rent system. Gottschalk and Mylle(3) have 
concurred in this view, and presented data 
confirming Wirz’s original observations. 
Where a gradient for any diffusible ma- 
terial exists between its 2 ends, a counter- 
current exchanger acts as a barrier to the net 
transport of that material along its long axis. 
The more diffusible the material, the more 
effective the barrier. In a passive system 
concentrations of sodium, chloride, and urea, 
the principal elements of the papillary hy- 
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perosmolarity of mammalian kidney, would 
tend to be conserved more effectively than 
concentrations of large molecules such as the 
plasma proteins, but less effectively than 
gases or other lipid-soluble blood compon- 
ents. Although such an arrangement poses 
difficulties in terms of gaseous exchange be- 
tween the deep medulla and the general cir- 
culation, the results of the following experi- 
ments on incorporation into the papilla of 
the rat of materials of varying diffusibility 
are consistent with this simple hypothesis. 

Methods. Male Sprague-Dawley rats 
weighing 200-250 g were used. The animals 
were kept on normal laboratory diet and had 
spontaneously hypertonic urine. Incorpora- 
tion into the renal papilla of radioactive 
tracer substances of widely different diffusi- 
bilities was studied. In some animals only 
one tracer was employed, in other series 2 
tracers. were employed simultaneously. 

Incorporation of a highly diffusible sub- 
stance into renal papilla. Radioactive Kr*° 
was used in a concentration of about 50 pc/ 
ml air. The unanesthetized rats were con- 
fined in a small glass container with carbon 
dioxide-absorbing pellets. By injecting oxy- 
gen, negative pressure and asphyxia were pre- 
vented. At varying time intervals(1,3,6,10, 
60 and 90 minutes) the animals were dropped 
into liquid nitrogen. The frozen animals 
were sliced transversely on a band saw and 
autographs prepared by placing X-ray film 
and the still frozen body sections together at 
dry ice temperatures. After development, 
relative Kr*® concentrations of the various 
tissues were estimated by densitometry of 
the films. 

In all animals the cortex of the kidney had 
approximately the same density on the films 
as the blood in the heart. This was taken to 
indicate that the renal cortex is saturated 
rapidly (in less than one minute) with the 
inert gas. 
minutes of Kr®° inhalation autographs of the 
kidney showed an average papillary density 
of 93% of the cortical density. This was 
taken to indicate that the solubility of Kr®® 
in the papilla was 0.93 of that in the cortex. 
On the basis of these two observations, incor- 
poration of Kr®° into the papilla was estab- 


In the animals sacrificed after 90 
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lished from the ratio of density of the X-ray 
film over the renal papilla to that over the 
renal cortex divided by the factor 0.93. 

Incorporation of a colloidal substance into 
the renal papilla. A qualitative estimate of 
the state of albumin incorporation after 15 
seconds perfusion was attempted. Nembutal 
anesthetized rats were injected intravenously 
with about 40 pc I'*!-labeled human serum 
albumin. Kidneys were ligated at the end 
of the specified interval, removed, and frozen 
in dry ice. Radioautographs of unfixed 
frozen sections were made using ordinary X- 
ray film. 

Simultaneous papillary incorporation of a 
highly diffusible substance and a colloidal 
substance. The mode of incorporation of 2 
substances of widely different diffusion char- - 
acteristics was studied in rats using the in 
situ perfusion technic described by Sellers 
et al.(4). The perfusate was about 12 cc of 
heparinized rat blood at about 25°C. Micro- 
curie amounts of Na** and I'*!-iodinated hu- 
man serum albumin or of I'*!-antipyrine and 
Au’®®-colloidal gold were added to the per- 
fusate. A Nembutal anesthetized rat was 
prepared with one loose tie around each renal 
pedicle, and a loose tie around the aorta 
above the renal arteries. A needle of the 
size of the aorta was inserted into the aorta 
below the renal arteries. Through this 
needle the perfusate was introduced rapidly 
under a hydrostatic pressure of about 140 
mm Hg. Simultaneously the aorta was tied 
above the renal arteries, and the inferior vena 
cava was cut open. In this way an im situ 
renal perfusion was established. After 10 to 
15 seconds, when the supply of perfusate was 
almost exhausted, both kidneys were tied off, 
cut free, and placed on dry ice. The renal 
papilla, a sample of tissue from the renal cor- 
tex, and a sample of the perfusate were placed 
in small vials, and assayed for radioactivity 
using a well-type scintillation counter. After 
2 counts of the samples at separate times, 
use of the decay factors of the isotopes in- 
volved permitted calculation of the original 
ratio of the two isotopes in each sample. 

Results. Incorporation of a highly diffu- 
sible substance into papilla. A radioauto- 
graph obtained from a rat breathing Kr*® 
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BIG. 1. 
breathing Kr* for 3 min. Both kidneys (r. and 1. 
at top) show low activity in papillae, 


Autograph, transverse section from rat 


for 3 min is given in Fig. 1. The 2 kidneys 
are outlined clearly with the cortex standing 
out as a bright ring. In contrast, the deeper 
parts of the medulla are quite dark. Thus, 
relative to the cortex, the papilla is saturated 
only slowly with Kr*°. Results of the densi- 
tometer readings from all the animals sacri- 
ficed at varying times of exposure are given 
in Fig. 2. 

Incorporation of a colloidal substance into 
papilla. A radioautograph obtained from a 
rat kidney ligated 15 seconds after intra- 
venous injection of a small amount of I'#!- 
iodinated human serum albumin is shown in 
Fig. 3. Even at such a short interval incor- 
poration of albumin into papilla is greater 
than the corresponding incorporation into 
cortex. Thus incorporation of the large albu- 
min molecule in papilla is, on gross evalu- 
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% MAXIMUM INCORPORATION 


6 8 10“ 60 790 
MINUTES OF INHALATION 
FIG. 2. Rate of incorporation of Kr® into papilla 
of rat kidney as determined densitometrically from 
autographs as in Fig. 1. 
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ation, fast compared to that of highly dif- 
fusible KrS°, as presented above. This auto- 
graph also shows that the vascular bundles 
of the inner medulla become distinctly out- 
lined by 15 seconds. 

Simultaneous incorporation of a highly dif- 
fusible substance and a colloidal substance. 
Results of aortic infusion experiments using 
a mixture of Na** and I'*!-albumin in 8 rats 
are given in Table I. The autograph of Fig. 


FIG. 3. Autograph, kidney of rat 15 see. after inj. 
of I-human serum albumin. Note activity in 
papilla. Activity in central portion is in medullary 
vascular bundles, here cut obliquely. In cortex ac- 
tivity is probably due largely to intraepithelial 
accumulation of tracer. 


3 indicates the distribution of I'*!-albumin 
in kidneys of such animals. Autographs of 
sodium distribution after this interval have 
been illustrated by Krakusin and Jennings 
(5.) The quantitative results indicate that 
under the conditions of these experiments, of 
the amounts of sodium and albumin avail- 
able, the cortex incorporates an average of 
more than 3 times as much sodium as albu- 
min, but in the papilla only about half as 
much of available sodium is incorporated as 
of available albumin. Stated in another way, 
if compared with the simultaneous incorpo- 
ration of albumin into the two tissues, sodium 
under the conditions of our experiments is 
incorporated into the cortex about 6 times 
as rapidly as it is into the papilla. 

Similar calculations on 4 rats perfused 
with a mixture of I'*!-antipyrine and Au!®*- 
colloidal gold indicate that in comparison to 
the simultaneous incorporation of colloidal 
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TABLE I. Relative Incorporation of Na* and I. 
Albumin into Renal Cortex and Renal Papilla of 
Rats (Aortie Perfusion Experiments Lasting 10 to 


15 See.). 
Ratio Na#/T** 
Cortex/Per- Papilla/Per- 
Rat No. Kidney fusate fusate 

1 R 3.03 24 
L Boo fats 

2 R 2.94 69 
L 3.45 .63 

3 R 4,00 mf) 
L , 2.63 .60 

4 R 2.63 42 
L 3.23 56 

5 R 4.35 42 
L 1 As) .48 

6 R 277 .65 
L 4.00 .68 

ul R 3.87 48 
L ye} 2k 

8 R 3.74 45 
L 3.25 .26 

Mean values 3.18 49 


gold in the 2 zones, antipyrine enters the cor- 
tex 20 times as rapidly as it does the papilla. 
In 3 of these 4 rats on the same basis the rate 
of cortical incorporation exceeds papillary in- 
corporation by more than 100 times. 
Discussion. Our various experiments are 
not on a comparable quantitative basis, but 
the qualitative order of effectiveness of ex- 
clusion of the various materials studied seems 
established. It is reasonable to assume that 
both serum albumin and colloidal gold have 
very low rates of diffusibility, essentially zero 
in comparison to sodium, antipyrine, and 
krypton. Sodium enters the papilla less read- 
ily than albumin, but much more readily 
than antipyrine does in comparison with col- 
loidal gold. Sodium is therefore excluded 
with intermediate effectiveness. The obser- 
vations with krypton cannot be related di- 
rectly to our other data, but comparing its 
slow entry into the papilla with the heavy 
concentration of Na** found by Krakusin 
and Jennings(5) in the rat papilla within 30 
seconds of injection, its exclusion must be 
regarded as effective compared with that of 
sodium. Thus the various materials studied 
are seen to be excluded with an order of ef- 
fectiveness corresponding to the anticipated 


order of permeability of capillaries to each 


of them. This is what would be expected in 


a passive countercurrent exchange system. 
These findings are consistent with those of 
White et al.(6) that water is more effectively 
excluded from the renal medulla than is so- 
dium. 

This conclusion invites comparison once 
again between the countercurrent system in 
the renal medulla and the swimbladder in 
certain fishes. The apparent similarity in 
both microscopic and submicroscopic § struc- 
ture of the retia mirabilia involved in the 2 
cases has been pointed out(7). Attention 
may also be drawn to the interesting but un- 
explained tendency of red cells to be absent 
in the efferent vessels in both cases(7,8). 


And now, in spite of the seemingly overcom- ~ 


plex fine structures of the retia mirabilia in 
the rat and toadfish for this function, the ob- 
jective evidence so far indicates in both cases 
that only passive countercurrent exchange is 
involved. 

The striking similarity of structure and 
function in the swimbladder and renal retia 
mirabilia is even more remarkable when one 
considers that the countercurrent conserva- 
tion required in the 2 cases poses significantly 
different problems. Gases are the most dif- 
fusible of the normal molecular population 
of the blood by a wide margin; their equi- 
libration in a countercurrent system will be 
achieved almost entirely through exchange 
of gas molecules, and without any other sig- 
nificant effect on the composition of the 
blood passing through the rete. On the other 
hand, the sodium, chloride, and urea consti- 
tuting the bulk of the osmotic gradient being 
guarded in the renal papilla are alike in be- 
ing much less readily exchangeable than gas- 
es, and furthermore are also, in other sites, 
considerably less exchangeable than water 
(9). 

Important consequences follow from this. 
Whereas conservation of the oxygen gradient 
across the swimbladder rete necessitates only 
exchange of oxygen, the effective counter- 
current conservation of sodium, chloride, and 
urea can only be achieved at the expense of 
severely embarrassed transport of gases into 
and out of the area of containment, and nec- 
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essarily involves significant movements of 
- water as well. That this problem of gaseous 
exchange is a real one in the kidney is shown 
by our krypton autographs. The low oxygen 
tension observed in papillary tissue and in 
-urine(10) is probably directly related to it. 
The high rate of anaerobic glycolysis found 
for papillary tissue(11) may well represent 
an adaptive response to an unavoidable and 
permanent oxygen lack. Speculation on this 
problem may lead one to ask if any part of 
the oxygen needs of the papilla might be 
met by oxygen freed in situ, perhaps by a 
mechanism such as that evidently embodied 
in the swimbladder gas gland; or, alternative- 
ly, whether some modification of the rete 
vessels in the kidneys does not occur to re- 
duce their permeability to gases and thereby 
increase the amount of any gas that can be 
carried the length of the rete. The increase 
in urinary oxygen tension during water di- 
uresis(12) appears to conflict with both these 
possibilities, but does not exclude them con- 
clusively. 


Given normal ‘characteristics of capillary 
permeability, equilibration of opposing 
streams of blood unbalanced with respect to 
sodium, chloride, and urea will involve not 
only movements of solutes, but also large 
bulk movements of water. The direction of 
this movement in the kidney, as Gottschalk 
and Mylle(3) have stated, will be such that 
water will be shunted past the papilla. The 
expected consequence of this will be that non- 
diffusible components of the blood will be 
concentrated to levels above normal in ves- 
sels of the papilla. This conclusion has been 
anticipated for nondiffusible solutes from ob- 
servations of the tendency of plasma protein 
to appear in papillary vessels of sectioned 
material as “‘colloid”(13), and from tracer 
determinations of apparent papillary plasma 
protein “volume” as greater than any likely 
estimate of the true vascular volume of this 
tissue(14). Recently Thureau (unpublished 
results) has shown directly as great as 3-fold 
concentration of protein over normal plasma 
levels in samples of plasma obtained by mi- 
cropuncture from vessels of the hamster pa- 
pilla. Protein concentration in papillary plas- 
ma from this viewpoint occurs only as an un- 
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avoidable consequence of conserving mate- 
rials less exchangeable than water by the 
countercurrent method. 

Gottschalk and Mylle(3) reached their 
conclusion above on theoretical grounds and 
from observing what they considered elevat- 
ed red cell concentrations in superficial ves- 
sels of the hamster papilla. While the con- 
clusion is evidently correct in the case of 
plasma proteins, it should be noted that the 
reported concentration of red cells is in con- 
flict with the conspicuous absence of red cells 
in the papilla and its efferent vessels in histo- 
logical preparations(7), the typically pallid 
appearance of papillary tissue, and with ap- 
parent papillary hematocrits of 5% or less 
obtained by tracer methods(15). A red cell 
shunt past the papilla even more effective 
than the shunt for water is demanded to fit 
these findings. The observation of Gott- 
schalk and Mylle suggests that some of the 
superficial vessels of the papilla receive their 
blood from the vessels in the inner stripe 
(the zone immediately outside the papilla) 
through which the bulk of the red cells enter- 
ing the arteriolae rectae must be shunted, 
but should not be taken as evidence of a 
generally elevated papillary hematocrit. 

Summary. 1) The countercurrent action 
of the renal medullary vasculature, apparent- 
ly passive, is demonstrated by its differential 
exclusion of materials from the papilla of the 
kidney in order of diffusibility. 2) The struc- 
tural and functional similarity in the rete 
mirabilia of the kidney and fish swimbladder 
is stressed. The differences in functional de- 
tail in the two cases are proposed to relate to 
differences in the materials for which gradi- 
ents are being maintained. 


We are indebted to Dr. R. W. Berliner for suggest- 
ing the possible significance of a study of rate of 
incorporation of highly diffusible substances into 
the renal medulla, and for his continued interest and 
helpful criticism during the study. The technical 
assistance of Mrs. H. J. Burtner has been of the 
greatest value. 
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Fractionation and Immunological Properties of a DNA-rich Preparation 
from Brucella abortus.*+ (26463) 


Orto J. Piescia, JosePpH J. Novatt, NicnoLas C. PALCZUK AND WERNER BRAUN 
Institute of Microbiology, Rutgers University, New Brunswick, N. J. 


Previously we described the isolation of 
DNA-rich preparations from Brucella abor- 
tus by extraction with 0.5% phenol(1), and 
the ability of such preparations to produce 
antisera containing antibodies that precipi- 
tated DNase-sensitive antigens(2,3). Subse- 
quent studies(4) revealed that such antisera 
also contained antibodies to antigens insen- 
sitive to DNase treatment, and that only 5% 
of all immunized rabbits were capable of pro- 
ducing antibodies against DNase-sensitive 
antigens. This variability may be similar to 
that encountered in studies of Lupus erythe- 
matosus, in which antibody-like serum fac- 
tors reacting with DNA were found irregu- 
larly, and to the irregularity with which anti- 
bodies to haptenes are produced. With this 
variability in mind, the present report is re- 
stricted to an analysis of a lot of DNA-rich 
material from B. abortus, hereafter referred 
to as preparation #12, which contained 
DNase-sensitive antigens. Preparation #12, 


* Preliminary reports were given at Federation 
Meetings, Philadelphia, April 1958, and at VII In- 
ternational Congress of Microbiology, in Stockholm, 
Aug. 1958. 

+ These studies were supported in part by grants 
from Damon Runyon Memorial Fund and U. S. 
Public Health Service. 

+ Charles Pfizer Post-Doctoral Fellow. Present ad- 
dress, N. J. Neuro-Psychiatric Inst., Princeton, N. J. 


as well as previously used preparations, con- 
sisted largely of DNA, but also contained 
some RNA, carbohydrate, and about 25% 
protein that could not be dissociated from 
the nucleic acid(1). An attempt was there- 
fore made to establish more precisely the 
chemical basis for the immunogolical speci- 
ficity by fractionating the preparation con- 
taining the antigens. Progress made in such 
purification and the properties of the several 
fractions obtained will be described. 
Materials and methods. Immunizing anti- 
gens. Preparation #12 (“#12 prep”) was 
obtained from mucoid cells of Brucella abor- 
tus, strain 19, according to Braun e¢ al.(1). 
It was separated into several fractions by dif- 
ferential ultracentrifugation as described be- 
low. Preparation of antisera. New Zealand 
white rabbits (5-6 lb.) were immunized by 
intravenous injections of a saline solution of 
either the unfractionated preparation or its 
fractions. In the course of immunization, 
each rabbit received a total of 2.5 mg of nu- 


cleic acid, as determined by absorption at | 


260 mp, or that quantity of a given fraction 
which was obtainable from 2.5 mg_ nucleic 
acid in the unfractionated preparation. In- | 
jections were spaced over a period of 4 weeks, | 
with doses of unfractionated material ranging — 
from 0.05 to 0.25 mg of nucleic acid and | 
equivalent amounts of the fractions. The 
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10,000 rpm; 1.5 hr 
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20,000 rpm; 1.5 hr 


x 
Supernatant 


30,000 rpm; 1.5 hr 


4 
Sediment (30 SED) 


taken up in saline 


| 
| 10,000 rpm; 2 hr 
| 


a 
Supernatant 


(30 SED - 10 SUP) 


Sediment 
(30 SED - 10 SED) 


UG 
Sediment (40 SED) 


Supernatant 


5 
| 40,000 rpm; 1.5 hr 


“ 
Supernatant (40 SUP) 


FIG. 1. Fractionation of ‘‘#12 prep’’ by differential centrifugation (Spinco ultracentrifuge, 
rotor 40, RCF = 6,590 & G at 10,000 rpm). 


rabbits were bled by cardiac puncture one 
week after last injection and the sera were 
stored at —10°C. Precipitin analyses. The 
technique of Ouchterlony(5) was used for 
analysis of antigens. Although a series of 
concentrations of each antigen was tested, 
only results with optimal concentrations are 
given. Such solutions contained about 0.5 
mg nucleic acid/ml; fractions were used at 
equivalent concentrations. Antisera were 
used undiluted or diluted with saline as much 
as 4-fold. 

Results. Fractionation. In_ preliminary 
tests “#12 prep” proved heterogeneous elec- 
trophoretically, chromatographically, and ul- 
tracentrifugally. Differential ultracentrifuga- 
tion was selected for purification because it 
‘gave the best resolution. Fig. 1 is a flow 
sheet for such fractionation, using a Spinco 
preparative ultracentrifuge with rotor #40. 
Each of the fractions, except the final super- 
natant, was taken up in 0.9% saline to the 
original volume, and all fractions were ana- 
lyzed for DNA and protein. DNA was meas- 
ured in terms of absorption at 260 mp as 
compared to a standard solution of calf thy- 
mus DNA(6); however, since independent 
analyses had established that approximately 
5-10% of the nucleic acid represented RNA, 
the values reported represent maximal 


amounts of DNA. Protein concentration was 
determined on the basis of the biuret reac- 
tion as modified by Zamenhof(7). The re- 
sults (Table I) indicate that protein was not 
uniformly distributed among the fractions, 
its concentration being greatest in the fastest 
sedimenting fraction. The bulk of the pro- 
tein was found in 70 Sed and most of the nu- 
cleic acid was in the 40 Sup fraction. The 
ultraviolet spectra of the slower-sedimenting 
fractions were typical for nucleic acids, 
whereas that of 70 Sed showed no maximum 
at 260 mp. 

Reacting antigens in fractions. Results of 
the gel-diffusion analysis are shown in Fig. 2. 


40 SUP . 40 SED 

20 SED » #12 

10 SED 30 SED 
FIG. 2. Analysis of reacting antigens in a DNA- 


rich preparation from Brucella abortus. Center 

well contains antiserum pooled from 3 immunized 

rabbits, outer wells contain ‘‘ #12 prep’’ and dif- 
ferent fractions thereof. 
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TABLET. Analysis of Fractions* of ‘‘ #12 Prep.’’ 


uae Prone DNA O.D. (260) O.D. (260)5 
% of % of 
Sample mg/ml original mg/ml original Protein O.D. (280) O.D. (230) 
#12 (original prep) 1.900 100 930 100 2.2 1.89 1.56 
10 SED 180 9.5 530 57.0 3) 1.68 1 
205-7 122 6.4 154 16.6 aif) 1.83 90 
30 222 ae .210 22.6 aR eo Heil 
40 ” 356 Ieser .025 2.7 14.0 1.94 2.14 
40 SUP 922 48.5 .037 4.0 25.0 1.92 2.15 
(30 SED - 10 SUP) .209 11.0 004 4 52.0 1.94 2.24 
(30 SED - 10 SED) -060 6 .200 21.5 a) Ieee 08 


* Cf. flow sheet, Fig. 1. 


+ Measured by optical density (Englander and Epstein, 1957), ‘* #12 prep’ 


> contained 5-10% 


RNA; therefore these values represent maximal possible values for DNA. 
¢{ Measured by modified biuret method (Zamenhof, 1957). 


O.D. (260) 


§ For native calf thymus DNA, O.D. (230) 


The antiserum was placed in the center well; 
one of the surrounding wells was filled with 
the immunizing “#12 prep,” and the others 
with the fractions. The plates were kept at 
23°C for 1 week for development. The 10 
Sed fraction gave no evidence of reaction 
with the antiserum diluted 1:3 with saline, 
but precipitated weakly when undiluted anti- 
serum was used in another analysis, indicat- 
ing a relatively low concentration of antibody 
directed against antigens in the 10 Sed frac- 
tion. Both the 40 Sed and 40 Sup fractions 
reacted weakly at all concentrations. In the 
20 Sed fraction some antigens were detect- 
able, whereas the reaction of the 30 Sed frac- 
tion indicated that it had more of the reac- 
tive antigens and in higher concentration. 
The 30 Sed fraction was therefore recentri- 
fuged at 10,000 rpm in an effort to achieve 
further purification. A sub-fraction, 30 Sed - 
10 Sup, containing less than 2% protein was 


#12 
30SED <S— > 30 SED 
10 SED 2, yhy20 sup 
“4o'sep CWA «0 sec 

10 SUP 


FIG, 3. Analysis of reacting antigens in sub-frae- 

tions of 30 Sed derived from ‘‘ #12 prep.’’ Center 

well contains the antiserum pool; outer well con- 
tains the various fractions, 


2.30. 


obtained. Fig. 3 shows the gel-diffusion 
analysis of antigens in these sub-fractions. 
Clearly, all of the reactive antigens were in 
the DNA-rich fraction 30 Sed - 10 Sup, and 
no reactivity was detectable in the protein- 
rich fraction 30 Sed - 10 Sed. 

The 30 Sed fraction subsequently was 
treated with DNase for 45 min at 26°C, 
then centrifuged at 10,000, 20,000 and 40,- 
000 rpm for 2% hr. After such enzymatic 
treatment, which resulted in a detectable re- 
duction of reacting antigen, it was not pos- 
sible to sediment remaining antigens even 
when speeds of 40,000 rpm for 2% hr were 
employed. 

Immunizing antigens in fractions. Because 
the reactive antigens were found predomi- 
nantly in the 30 Sed fraction, it was tested 
for its capacity to elicit the formation of pre- 
cipitating antibodies in rabbits. A total quan- 
tity of 30 Sed equivalent to 2.5 mg of 260 
myp-absorbing material in the crude prepara- 
tion was injected intravenously into rabbits. 
An equal number of rabbits received the un- 
fractionated preparation. All were bled by 
cardiac puncture, one week after the last in- 
jection, and the sera examined by gel-diffu- 
sion. The sera of rabbits injected with the 
30 Sed fraction, which had most of the reac- 
tive antigens, had no detectable precipitat- 
ing antibody in contrast to the sera of rab- 
bits which had received the crude DNA 
preparation. This suggests the necessity for 
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distinguishing between reactive and immun- 
izing antigens (see discussion). 

Rabbits that had received the 30 Sed frac- 
tion and failed to give precipitins were sub- 
sequently injected with a mixture of frac- 
tions 10 Sed and 30 Sed. At the same time, 
rabbits which had previously yielded precipi- 
tating antibodies with the whole “12 prep,” 
and had been allowed to rest until precipitins 
could no longer be detected in the serum, 
were given the 10 Sed fraction alone. All of 
the sera now contained precipitins induced 
apparently by immunizing antigens in the 
10 Sed fraction but directed against reactive 
antigens in fractions other than 70 Sed, such 
as 30 Sed - 10 Sup. Subsequently, previously 
non-immunized rabbits were injected with 
the 70 Sed fraction alone, and these rabbits 
also produced precipitating antibodies direct- 
ed against antigens in fractions other than 
the immunizing fraction. It seems, there- 
fore, that the protein-rich fraction 10 Sed 
can contribute the immunizing antigens, but 
that the antigens reacting with immune sera 
are to be found among the DNA-rich frac- 
tions. 

Discussion. These fractionation studies 
have demonstrated that in antigenically ac- 
tive DNA-rich preparations, obtained by 
0.5% phenol extraction, protein is not uni- 
formly distributed among fractions obtained 
by differential ultracentrifugation. This 
method of fractionation, therefore, has 
proved useful for an analysis of antigenic 
properties associated with materials differing 
markedly in their ratio of DNA to protein. 

Reacting antigens were concentrated pre- 
dominantly in fractions rich in DNA and 
were not proportional to the relative amounts 
of protein present. Thus the protein-rich 
subfraction of 30 Sed contained no reacting 
antigens, whereas the DNA-rich supernat- 
ant 30 Sed - 10 Sup showed undiminished re- 
activity. Furthermore, reactivity was not 
abolished by the action of proteolytic en- 
zymes such as trypsin, chymotrypsin and 
panprotease. However, since the purest avail- 
able preparations still contain traces of pro- 
tein, the latter cannot be excluded definite- 
ly as a necessary part of the reactive anti- 
gens. 


ES 


The likelihood that at least some of the 
several antigens present in the 30 Sed frac- 
tion are in some manner associated with 
DNA is indicated by the finding that DNase 
treatment of the 30 Sed fraction diminishes 
the intensity of the antigen-antibody reac- 
tion and decreases the molecular weight of 
the antigens so that they can no longer be 
sedimented at 40,000 rpm. The possibility 
that the antigens are complexes containing 
DNA has been suggested by our observation 
that treatment of the reacting antigen prepa- 
ration with periodate, which acts primarily 
on carbohydrates but not on deoxyribose of 
DNA, results in a complete abolition of anti- 
genic reactivity. 

The protein-rich 10 Sed fraction, which 
was capable of stimulating the formation of 
precipitating antibodies that reacted with the 
30 Sed - 10 Sup fraction (containing less 
than 2% protein), did not appear to have re- 
active antigens. Furthermore, the reactive 
fraction, 30 Sed - 10 Sup, was unable to 
stimulate production of precipitating anti- 
bodies. It would appear, therefore, that a 
distinction must be made between the im- 
munizing and reactive antigens. The failure 
to elicit antibodies with the relatively pure 
DNA fraction is consistent with the general 
experience of others who could not detect 
precipitating antibodies in the sera of ani- 
mals injected with pure DNA(8). As yet no 
experimental data are available to explain the 
differences noted in the immunogenic capac- 
ities of purified DNA vs. DNA-protein. 

While these studies have failed to yield 
pure antigens and thus have not enabled us 
to associate the DNase-sensitive antigens 
with a well-defined chemical entity, they have 
indicated at least that substantial concentra- 
tions of protein do not play a role in the anti- 
gen-antibody reactions here studied. Even 
though the specificity of antigens associated 
with DNA may not ultimately depend upon 
DNA itself, such antigens, nevertheless, 
would appear to be of considerable interest 
chemically and, above all, biologically. 

Summary. A DNA-rich preparation, ob- 
tained from Brucella abortus by extraction 
with 0.5% phenol, was fractionated by dif- 
ferential ultracentrifugation, and its immuni- 
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, logical properties were studied. The antigens 
that precipitated antibodies from the sera of 
rabbits injected with the crude DNA prepa- 
ration were concentrated in a fraction con- 
sisting essentially of DNA and only about 
2% protein. This fraction did not elicit the 
formation of precipitating antibodies, where- 
as a protein-rich fraction with no reactive 
antigens did. Treatment of the reactive anti- 
gens with DNase altered some of their prop- 
erties. On the basis of present evidence, it is 
suggested that the DNase-sensitive antigens 
are complexes containing DNA. 
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Mammalian spermatogenesis results in an 
equal number of male and female producing 
spermatozoa. The actual sex ratio of most 
species, however, differs characteristically 
from the expected theoretical value of unity 
(1). 

The factors which enter habitually into 
the reproductive process of those species and 
modify the sex ratio (number of males per 
100 females) could be paternal, e.g. excess 
mortality of one type of spermatozoon after 
spermatogenesis or diminished aptitude of 
one type of spermatozoon for fertilization. 
Such and other differential properties of the 
2 types of spermatozoa have been demon- 
strated and have become the subject of con- 
siderable research. On the other hand, the 
maternal milieu interne could be such as 
habitually to favor survival of, or fertilization 
by, one type of spermatozoon. These two 
possibilities may be largely synonymous. 

In addition to these normal and_ species 


* Supported in part by the British M.R.C.. My 
thanks are due to Mr. George F. Spears, Otago Medi- 
cal School, for statistical evaluation of the results, 
and to Mrs. Evelyn Ewing and Miss Maureen Ken- 
nedy for technical assistance. 


specific deviations from unity of the sex ratio 
further changes in sex ratio occur in several 
well authenticated situations. The old obser- 
vation that the human sex ratio rises in war 
time was again verified during the second 
world war and statistical analysis suggests 
that this rise was not due to age of the par- 
ents or to the birth order(2). In many spe- 
cies including man, it has also been noted 
that the first born or the first litter tends to 
have a significantly higher sex ratio than 
the species as a whole. In the rat with a spe- 
cies specific sex ratio of 105 the ratio for 
first litters is 122(3). In some animals 
(cattle, sheep, pigs, wolf hounds) statistics 
indicate that the relative number of female 
births tends to rise during the cold months of 
the year. King has confirmed this for the 
rat(3). 

These observations suggest that stress may 
be able to alter sex ratio. The possibility 
that the adrenal cortex may be involved in 
mediating these effects is strengthened by 2 
observations of King and Donaldson made 
in 1929, i.e. before the relation between 
adrenal cortex and stress responses was un- 
derstood. King recorded the sex ratio of the 
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Generation 
FIG. 1. Relation of adrenal wt to sex ratio in 10 
generations of Gray Norway Rats. (Adapted from 
King and Donaldson, Am. Anatomical Memoirs No. 
14.) Figures on left give No. of males per 100 fe- 
males; figures on right, % inerease of adrenal wt 

over standard adrenal wt for albino rats. 

gray Norway rat during 10 generations in 
captivity while Donaldson showed changes in 
adrenal weight in the same animals over the 
same period(4). I have superimposed these 
2 graphs upon one another to show the strik- 
ing inverse relation between them (Fig 1). 
It is seen that rises in adrenal weight corres- 
pond to falls in sex ratio. 

Design of Experiment. The animals were 
female albino virgin rats. Female litter mates, 
kept in the same cage and under the same 
conditions throughout experiment served as 
controls. At the end of each experiment the 
experimental animals and their litters were 
killed and checked for abnormalities whereas 
control litters were allowed to grow up for 
further experiment. Insofar as inherited ten- 
dencies are involved, the experiment was de- 
liberately designed with a bias against pro- 
duction of differences between control and 
experimental groups, since all experimental 
groups except the first were the offspring of 
control animals. 

Control animals were given .05 ml saline, 
experimental animals .05 ml (1 unit) long 
acting ACTH subcutaneously every second 
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day. On the day after first injection the ani- 
mals were mated with a normal untreated 
male of the same strain. At the end of one 
week both injections and mating were inter- 
rupted for one week to minimize any possible 
effect of ACTH on pregnancies. Pregnant 
animals were isolated, and injections and 
mating were resumed with the remainder. 
This weekly alternation was continued until 
all animals had become pregnant or until 6 
weeks had elapsed. Sex ratio of the litters 
was recorded as soon as possible after birth. 
The same sire was used for as many succeed- 
ing experiments as possible. Only 6 sires 
were utilized throughout the investigation. 

The investigation was carried out in 2 
series. In the first series (in Glasgow) Corti- 
cogel (Crookes) was the ACTH used. The 
second series (in Dunedin) was carried out 
in the same manner except that Cortrophin 
ZN (Organon) was used. 

Results are given in Table I. They .are 
essentially the same in both series, which 
may therefore be considered together. ACTH 
medication had no adverse effects on fertil- 
ity. The number of animals which: failed to 
be fertilized within 6 weeks was very small 
and roughly equal in both control and ex- 
perimental groups. Average litter size com- 
pares well with that recorded for large well 
looked after colonies and is the same in both 
control and experimental groups. Sex ratio 
at birth, however, is significantly depressed 
in the treated animals. This is seen both in 
the aggregate figures and in proportion of 
predominantly female litters. The change is 
a generalized shift and not a clear cut all-or- 
none phenomenon. 

Discussion. It is reasonable to assume 
that this effect is produced after the male 


UAC iio le 
Series 1 Series 2 Total 

Control Treated Control Treated Control Treated 

No. of animals born 114 186 293 183 407 369 

eee atters 15 25 30 19 48 44 
Avg size of litters 7.6 (i) 9 10 8.47 8.38 

No. of predominantly 3 13 12 10 15 23 
female litters 
Males : Females 68:46 89:97 159:134 81:102 227 :180 170:199 


x? = 9.24, i.d.f., .001<P<.01. 
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TABLE II. Distribution of Litter Sizes. 

No.in No. in 
litter Control Treated litter Control Treated 

a 1 2 9 11 7 

4 0 1 10 10 7 

5 os 2 11 a) 6 

6 4 3 12 2 ] 

if 2 5 13 0 1 

: ue: : Total No. of litters 

48 44 


ejaculate has entered the maternal passages. 
Is it produced before or after fertilization of 
the ovum? Does ACTH act by a differential 
effect on foetal mortality? If ACTH in- 
creased male foetal mortality, the experi- 
mental litters should be smaller, and if it acts 
by reducing female foetal mortality they 
should be larger than control litters. Aver- 
age litter size is the same in both groups. If 
ACTH acts simultaneously in both directions 
the effect should be most noticeable in the 
smaller litters. Experimental litters with less 
than 10 animals were found to have a sex 
ratio of 95 against one of 77 for litters with 
more than 10 animals. It is therefore un- 
likely that the ACTH effect was on foetal 
mortality. Table II showing the very similar 
distribution of litter size in the 2 groups does 
not suggest that litter size was in any way 
connected with the ACTH effect. 

Another possibility, namely that the 
change in overt sex ratio may not correspond 
to the nuclear sex ratio i. e. that ACTH may 
have produced females with male nuclear sex 
cannot be excluded. However, no malforma- 
tions were observed in any of the experimen- 
tal animals and there is nothing in the litera- 
ture to suggest that complete reversal of the 
genotypic sex can be produced in offspring 
by moderate stimulation of the mother’s 
adrenal cortex. 

The most reasonable hypothesis seems to 
be that the effect was on primary sex ratio, 
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i. e. on number of ova fertilized by either 
type of sperm. The vaginal, uterine or ovar-_ 
ian environment seems to have been modi- 
fied so as to increase the chances of female 
producing spermatazoa to fertilize. 

Is this effect mediated through the adrenal 
cortex or is it a non-specific effect of ACTH 
or of one of its impurities, diluents, or sus- 
pending agents? In view of King’s observa- 
tions (Fig. 1) and in view of the use of a 
different type of ACTH in the 2 series the 
former seems more likely. 

The size of the sex ratio depression ob- 
tained more than abolishes the species spe- 
cific bias towards male conceptions shown 
by the rat, but the effect of ACTH will not 
necessarily be in the same direction in other 
species. 

The animals used were young virgin fe- 
males and to some extent the effect of ACTH 
resembles therefore that of normal matura- 
tion, since the sex ratio of first litters tends 
to be high in the rat. However, ACTH de- 
presses the sex ratio much more than would 
be compatible with a mere speeding up of 
maturation. 

Summary. Subcutaneous administration 
every second day of one unit of long acting 
ACTH to female albino rats before and dur- 
ing mating significantly depresses the sex ra- 
tio at birth of their first litters. 
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A viral disease of ducks characterized pri- 
marily by hepatitis was first described by 
Levine and Fabricant(1). The viral agent 
and course of the disease have been studied 
by several investigators(2-6). Incentive to 
study this virus has been provided by the 
economic importance of the condition to the 
duck industry and possible relationship with 
viral hepatitis in other species. 

Investigation of the virus of duck hepatitis 
(DHV) has led to attempts to cultivate the 
agent in other hosts. The virus multiplies 
readily in embryonated chicken eggs to which 
it has been adapted(1). Pollard and Starr 
(7) attempted to propagate the virus in 
chicken embryo explants and_ trypsinized 
chicken embryo cell cultures. The virus mul- 
tiplied in explant cultures, but persisted 
through only 3 passages in trypsinized cell 
cultures. 

The reported success in growing trypsin- 
ized liver cells in tissue culture(8,9) sug- 
gested a promising host for the virus. This 
paper reports results of cultivation of duck 
hepatitis virus in liver tissue culture cells. 

Materials and methods. Virus. DHV 
strain R85952(3) which had been passed 
serially 18 times in embryonated chicken 
eggs was used for this study. Allanto-amni- 
otic fluid from embryos which died following 
viral inoculation served as a source of virus. 
Virus was stored at —20°C. 

Viral assay and identification. Viral titer 
of allantoamniotic fluid and tissue culture 
’ material was determined by infectivity for 
8-day-old embryonated chicken eggs. Iden- 
tification of virus was established by neu- 
tralization with duck serum known to con- 
tain DHV neutralizing antibodies. Gel dif- 
fusion precipitation tests(10) utilizing anti- 
DHV rabbit serum served to identify virus 


* This project supported by NIH grant and Illinois 
Agri. Exp. Sta. 


and provided a semiquantitative measure of 
viral content. 

Tissue culture. Livers of 16-day-old 
chicken embryos were removed aseptically, 
minced with scissors, and trypsinized at 39°C 
with 0.25% trypsin (Difco 1:250) in Earle’s 
saline (ES). Cells were washed, once in cold 
ES and once in nutrient medium, and 2 ml 
of a 1.5% suspension of cells in nutrient me- 
dium were placed in 16 & 150 mm rubber 
stoppered tubes. Nutrient medium consisted 
of 30% inactivated sheep serum, 10% 
chicken embryo extract or 15% beef embryo 
extract, 50 mg/ml dihydrostreptomycin sul- 
fate and 100 units/ml penicillin added to 
Eagle’s medium. ‘Tubes were incubated at 
37°C in a stationary rack positioned at a 5° 
angle. 

Inoculation of tissue culture with virus. 
When cells had formed a confluent sheet 
(about 4 days) they were inoculated with 
virus. Nutrient medium was removed and 2 
ml of fresh medium and 0.2 ml of viral sus- 
pension were added. Tubes were incubated 
without a change of medium for 6 days, at 
which time they were frozen at —20°C. 

Cytopathologic study. Cells were ob- 
served daily for signs of abnormality. Cov- 
erslips were removed periodically from tubes 
and cells were stained by the May-Grun- 
wald-Giemsa technic. Stained cells were ex- 
amined microscopically for signs of cyto- 
pathogenic effects (CPE). 

Results. Cell cultures derived from 
chicken embryo livers were composed of at 
least 3 cell types: fibroblasts, epithelial-like 
cells and polygonal cells with small, round 
nuclei. The latter cells were very similar 
histologically to hepatic cells and tended to 
grow in islands surrounded by the other cell 
types (Fig. 1). Polygonal cells characteris- 
tically contained lipoidal inclusions, and nu- 
merous mitotic figures could be observed. 
Fibroblasts overgrew other cell types and, if 
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FIG. 1. Uninoculated chicken embryo liver tissue 
culture. Note islands of ‘‘hepatie’’ cells (A) sur- 
rounded by cells with fibroblastic and epithelial 
morphology (B). May-Griinwald-Giemsa stain. 
Magnification 100 and 300 respectively. 


their multiplication was not restricted, exces- 
sive growth caused peeling of the cell sheet. 
Embryo extract incorporated in nutrient me- 
dium served to restrict fibroblast prolifera- 
tion. 

Assay of each serial passage of virus in 
tissue culture demonstrated a decrease in 
viral titer from passages 1 to 6 and a moder- 
ate rise in the 7th passage as shown in Table 
J. Although titer of virus dropped consider- 


TABLE I,. ID,, Titers of Tissue Culture Virus for 
Embryonated Chicken Eggs. 


T.C, passage 


] 2 3 4 5 6 7 


Titer®  10°* 108% Tote Tot 1OeT Oe dee 


* Calculated by method of Reed and Muench(11). 


ably from that in allanto-amniotic fluid it is 
quite obvious that virus did multiply in tis- 
sue culture medium (See Discussion). 

Gel diffusion precipitin test demonstrated 
presence of virus (Fig. 2). Observable lines 
of precipitate developed within 12 hours with 
viral passages 1, 2, 6, and 7. Faint lines of 
precipitate formed with passages 3, 4 and 5 
after reservoirs were refilled several times 
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with antigen and incubation was continued 
for 24 to 36 hours. Controlled tests dem- 
onstrated the specificity of antigen present 
in tissue culture material. 

Microscopic examination of liver and 
stained tissue culture cells failed to reveal 
CPE. No changes in character of cells or 
their multiplication were seen during passage 
of the duck hepatitis virus. 

Discussion. Limited multiplication of 
DHV was demonstrated in chicken embryo 
liver tissue culture cells. Multiplication 
would have been necessary for virus to be 
present in terminal passages since dilution 
and decay of virus at 37°C would have re- 
duced the amount of virus below the thresh- 
old of detection. Pollard and Starr(7) have 
reported a decrease in titer between 10* to. 
10°-° fold in several tests when the virus was 
incubated at 37°C for 21 days. The 42-day 
incubation period, taken together with a to- 
tal dilution factor of 10° over 7 passages, 
would have totally removed original input 
virus. The marked drop in viral titer during 
the first few passages followed by an increase 
in the 7th passage suggests that the virus 
was becoming adapted to tissue culture cells. 
Earlier development of lines of precipitate 
with the gel diffusion precipitation test in 
initial and terminal passages was also prob- 
ably related to viral concentration thereby 
indicating multiplication of virus. 

Since marked histopathologic changes are 
seen in infected chicken embryos and ducks 
(4), failure of virus to induce cytopathologic 
changes in tissue culture cells was not ex- 
pected. However, mouse hepatitis virus(12), 
as well as a number of other viruses(13), can 


FIG. 2. 

titis virus from various tissue culture passages. 

Numbers indicate passage level, T represents un- 

inoculated tissue culture, and § stands for rabbit 
anti-duck hepatitis serum. 


Gel diffusion precipitation with duck hepa- 
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multiply in tissue culture without visible 
CPE. Pollard and Starr(7) also were un- 
able to detect histopathologic changes in 
chicken embryo explants that supported mul- 
tiplication of DHV. Apparent lack of CPE 
may be a reflection of a low number or per- 
centage of infected cells rather than an indi- 
cation of viral multiplication without CPE. 
Observed titers could conceivably have been 
produced by release of a few hundred infec- 
tive virus particles from as few as 10 cells 
per ml, a number virtually undetectable 
among the far larger number of cells in each 
tube. 

Summary. Duck hepatitis virus was 
passed serially 7 times through monolayer 
chicken embryo liver cell cultures. Multi- 
plication of virus was demonstrated by assay 
in embryonated chicken eggs and by gel dif- 
fusion precipitin test. Microscopic examina- 
tion of stained tissue culture cells failed to 
reveal CPE. 
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Successful cultivation of human skin in 
vitro has been reported by numerous investi- 
gators(1-8), the majority of whom employed 
the plasma clot technic with small fragments 
of skin obtained from either living donors, or 
from cadavers. Plasma clot may present cer- 
tain disadvantages for immunological, nutri- 
tional(9) and viral studies(10). Evans and 
Earle(9) have used perforated cellophane as 
a substitute for plasma clot for growth of 
some tissues. It would appear, however, that 


* These studies were supported by grants from 
Nat. Inst. Health, Divisions of Allergy and Infect. 
Dis. and Dental Research, U. S. P. H. S. 

+ Research Fellow in Oral Pathology and Perio- 
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perforated cellophane is not a satisfactory 
substrate for primary cultivation of adult hu- 
man skin(4). Attempts in this laboratory 
to cultivate single specimens of adult human 
skin from 9 donors with perforated cello- 
phane were unsuccessful. Puck et al.(7) 
have used the method of trypsinization for 
successful growth of cells from fresh adult 
skin and other human tissues. Excision of 
20 to 50 mg of skin(11), however, is not al- 
ways feasible when repeated fresh specimens, 
particularly from the same area, are desired 
for cultivation. Ehrmann and Gey have re- 
ported growth of a number of cell strains and 
fresh explants of human tissue on transpar- 
ent collagen gels(12) and Enders(13) has 
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observed growth of cells from human em- 
bryonic tissue to occur on absorbable gelatin 
film which is available commercially.+ 


This report is concerned with observations 
on cellular outgrowth from single small frag- 
ments of adult human skin on gelatin film as 
compared to plasma clot technic. Similar 
studies were carried out with adult human 
oral mucosa which to our knowledge has not 
been cultivated in vitro. There is some ques- 
tion as to whether the appearance of epitheli- 
oid cells from fragments of adult human skin 
represents cell migration or multiplication (2, 
5). No attempts were made to clarify this 
question and accordingly the term, “growth,” 
as applied to these cells, is used with this 
reservation in mind. 


Materials and methods. One hundred and 
seventy-nine specimens of human skin were 
obtained from 72 donors most of whom were 
personnel or students at Tufts University 
ranging in age from 19-63 years. Fragments 
were usually taken from the lateral surface 
of the upper part of the right arm which was 
washed with sterile saline and the point of a 
25 gauge needle was inserted very superfi- 
cially into the skin. This was used to gently 
lift and hold the skin while a #11 Bard-Par- 
ker blade was placed just beneath the needle 
point and the thin layer of skin quickly ex- 
cised. Stained histologic sections of repre- 
sentative specimens revealed some dermis as 
well as epidermis (Fig. 1). The specimens 
weighing from 0.15-0.40 mg and measuring 
from 1-2 mm were placed in about 4 ml of 
saline A(7) for one to 2 minutes before set- 
ting up for culture. Sixty-nine oral mucosa 
specimens were taken from the lower labial 
region of 32 different donors. The area was 
dried with sterile gauze, the tissue was lifted 
gently with small blunt forceps, and a frag- 
ment excised with a #11 Bard-Parker blade. 
Mucosal sections were not weighed but were 
similar in size to the skin fragments. 


Plasma clot technic. A drop of chicken 
plasma (Difco dehydrated) was added to a 


{ Gelfilm, Upjohn Co., Kalamazoo, Mich. 
§ A few of these skin specimens and several speci- 
mens of oral mucosa were cultured by Dr. William 
Gibson as part of another study to be reported later. 
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#1 coverslip (22 mm”) in a 60 mm Petri 
dish and a single fragment of skin or oral 
mucosa was placed in the plasma. No at- 
tempt was made to orient either surface of 
the tissue to the glass. One to 2 drops of 
50% chick embryo extract in Hanks’ salt 
solution (W/V), adjusted to pH 7.0 with 
NaOH, was then added to induce clotting 
which occurred in from 5 to 20 minutes. 
Three ml of medium (described below) were 
placed in the culture dish, which was then 
incubated at 36-37°C in an atmosphere of 
approximately 5% COs in air. 

Gelatin film technic. Pieces of gelatin film 
(about 10-20 mm”) were cut from a sheet 
(100 * 125 mm and 0.075 mm in thickness) 
and sterilized at 140°C for 4 hours. These 
were washed 3 times with Hanks’ salt solu- 
tion containing 0.05% NaHCOs to neutralize 
the acidity of the gelatin film. The skin frag- 
ment was placed in a sterile 60 mm Petri 
dish with the keratin surface facing the glass. 
The dermal portion could be recognized as a 
domed white surface in contrast to the darker 
and flatter corneum. The square of prepared 
gelatin film was placed over the specimen in 
contact with the dermal surface of the frag- 
ment. If this were reversed, no growth or 
poor growth occurred almost without excep- 
tion. 

Media. The media consisted of Eagle’s 
basal solution supplemented with 20% hu- 
man serum (EHuz9 medium), 10% human 
serum and 5% calf serum (EC; Huy me- 
dium), and 15% calf serum (EC; medium). 
Eagle’s solution was modified by addition of 
inositol(14) and replacement of Earle’s salt 
solution with Hanks containing 0.05% 
NaHCO;. Human serum consisted of a pool 
obtained from 10-12 young adult donors col- 
lected under sterile conditions and stored in 
small aliquots at approximately -—25°C. 
Stored serum, after thawing, was used either 
immediately or held at 5°C to 10°C and 
used as needed over a period of about 2-3 
weeks. Calf serum pools were obtained 
from the blood of 30-40 calves slaughtered 
at a local abattoir and sterilized by filtration 
through a Seitz filter which was first washed 
with 800 ml of distilled water and 200 ml of 
serum pool. It was stored and used in the 
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FIG. 1. Histologic section of skin fragment representative of specimens used for culture, 
showing epidermis and corium. Hematoxylin and Hosin. X 50. 

FIG. 2. Skin fragment grown on gelatin film for 21 days showing epithelioid cell outgrowth. 
Unstained. 50. 

FIG. 3. Same as Fig. 2 after Hematoxylin and Eosin staining. X 215. 

FIG. 4. Fibroblast-like cells growing from section of adult human skin cultured in plasma 
clot for 16 days. Note appearance of hyphae-like forms and typical compressed spindle forms 


in uniform sheath. Unstained. X 50. 


FIG. 5. Outgrowth from adult human skin containing area of large pale cells with poorly 
stained cytoplasm bordered by characteristic epithelioid cells, Hematoxylin and Kosin. X 50. 
FIG. 6. Epithelioid cells from adult oral mucosa. Highteen-day-old culture, Hematoxylin 


and Hosin. X 50. 

same manner as human serum. Soybean 
trypsin inhibitor(15,16) was added to all me- 
dia to a final concentration of 0.05 mg per 
ml. Penicillin, streptomycin and mycostatin 
were added in final concentration of 100 
units, 100 pg and 50 units per ml respec- 


tively. Initial pH of the media was 7.9 to 
8.4. After 7 hours incubation under 5% 
CO, it dropped to 7.2-7.4 and remained 
more or less constant when tested on 3 suc- 
cessive days. Cultures were examined at 2 
to 4 day intervals at which time fluid changes 
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were made. The majority of the cultures 
were held for 3-4 weeks in plasma clot and 
4-6 weeks under gelatin film. 

Staining of cultures. Cultures were washed 
for 15 minutes in 3 changes of saline A. Sec- 
tions were then fixed in 10% formalin for 2 
hours and stained with hematoxylin and eo- 
sin. Although the plasma clot took up the 
stain(s) and interfered with detail of under- 
lying cells, nevertheless cells growing outside 
the clot were defined clearly. Staining of 
the gelatin film occurred which interfered si- 
milarly with examination of stained prepara- 
tions(17). This difficulty was eliminated for 
the most part by removing the fragment and 
cell sheath with celloidin membrane(18). 
There was some staining in some areas of the 
celloidin membrane presumably due to ad- 
herence of a small amount of gelatin film 
material, but it did not interfere with obser- 
vation of cellular detail. 

Results. Similarities in growth character- 
istics of skin with plasma clot and on gelatin 
film. Primary outgrowth occurred in 76 of 
77 specimens set up in plasma clot and cul- 
tured in EHusy) or EC; Huyp medium and 
from 98 of 102 fragments cultured under 
gelatin film in the 3 media. Initial outgrowth 
by either technic in the 3 media usually con- 
sisted of a single zone of compact epithelial- 
like cells which appeared in 2-10 days in 
plasma clot and in 5-14 days in gelatin film 
cultures. Complete or almost complete zones 
of epithelioid cells were present on the aver- 
age, in about 9 days in the plasma clot series 
and in about 13 days on gelatin film. The 
cells were small, compact, with relatively uni- 
form nuclei (Fig. 2 and 3). Stained prepa- 
rations revealed relatively few mitotic fig- 
ures which is in accord with earlier observa- 
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tions by Hsu(5). In some cultures, filamen- — 
tous-like processes occurred in the zone of | 
polygonal cells and also cell forms which, 
morphologically, were neither epithelioid nor 
fibroblast-like. The latter included round 
forms which were seen within the Ist week in 
plasma clot and from the 2nd to 5th week 
in the gelatin film group. They did not 
seem to increase but disappeared eventually 
or were obscured by the epithelioid cells. 
Also, oval to pear shaped forms appeared 
during the 2nd or 3rd week, and, at about 
the same time, large, elongated and fusiform 
cells, often with protoplasmic processes. De- 
generation occurred in the zone of epithelioid 
cells after initial outgrowth, usually between 
the 2nd and 3rd week in plasma clot and in 
the 3rd to 4th week on gelatin film. 
Differences in growth characteristics of 
skin with plasma clot and on gelatin film. 
The most striking difference that was ob- 
served between plasma clot and gelatin film 
technics for cultivation of adult human skin 
was the development of fibroblast-like cells 
(Fig. 4) in the majority by the former, but 
not any by the latter method when EHuz, 
or EC;Hujo media were employed. How- 
ever, 10 of 46 cultures which grew on gelatin 
film in EHu,;; developed fibroblast-like cells, 
particularly in those cultures in which com- 
paratively little epithelioid outgrowth oc- 
curred. One culture consisted of pure fibro- 
blast-like cells which were first noted on the 
14th day. These differences are summarized 
in Table I. There were also noted in about 
a fourth of the plasma clot cultures areas of 
larger polygonal cells in the zone of uniform 
epithelioid cells (Fig. 5) within 2 or 3 weeks 
and also in some preparations, usualiy within 
a week an amorphorous ring-like membrane 


TABLE I. Relationship between Development of Epithelioid and Fibroblast-Like Cells from 
Adult Human Skin Cultured in Plasma Clot and under Gelatin Film. 


Time epi- 


thelioid- No. with Time fibro- 


No. spe- No. with _ like cells fibro- blast-like 
cimens No.with epithelioid appeared, blast-like cells ap- 
Medium Substrate cultured growth growth days growth peared, days 
EHu,, & EC;Hu,, Plasma ceclot* 62 61 61 2-10 42 8-22 
Idem Gelatin filmt 44 42 42 6-14 0 
EC,; *s if 48 46 45 5-14 10 10-25 


* Plasma clot series cultivated for 3-4 wk, 


+ Gelatin film series cultivated for 4-6 wk. 


eee a 
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surrounding a portion, or all of the fragment. 
Large polygonal cells of this type were ob- 
served in only 2 of the 102 gelatin film cul- 
tures and the membrane structure was not 
seen in any of these preparations. 

Outgrowth from fragments after subcul- 
ture. Forty fragments of adult human skin 
were removed from the surrounding zones of 
cellular outgrowth and subcultured either in 
plasma clot or with gelatin film in the same 
medium employed for primary cultivation. 
Growth occurred from 23 of 26 fragments 
when subcultures were made from plasma 
clot to plasma clot, from plasma clot to gela- 
tin film and from gelatin film to plasma clot. 
The outgrowth consisted only, or predomi- 
nantly, of fibroblast-like cells from 20 of the 
subcultures, despite the fact that primary 
outgrowth was entirely or predominantly epi- 
thelioid at time of subculture (3-6 weeks). 
When subcultures were made with 14 frag- 
ments grown on gelatin film to the same sub- 
strate, outgrowth occurred from only 3 frag- 
ments (2 with fibroblast-like and 1 with epi- 
thelioid-like outgrowth). 

Cultivation of adult oral mucosa. Twenty 
oral mucosa specimens from 14 donors were 
cultured in plasma clot with EHus or EC; 
Huj9 media and 49 from 21 donors on gelatin 
film with the 3 media. All of these cultures 
were held at least 3-4 weeks and a few as 
long as 10 weeks. Primary outgrowth oc- 
curred from 15 specimens in plasma clot and 
from 34 specimens cultured on gelatin film. 
The initial outgrowth, in all instances, was 
epithelioid and similar to that from human 
skin (Fig. 6). However, certain significant 
differences were noted. (1) Wider zones of 
epitheliod cells occurred in some cultures of 
oral mucosa than in any of the skin cultures, 
with no obvious degenerative changes even 
after 9 weeks. (2) Fibroblast-like cells de- 
veloped from only 5 of 49 cultures which 
showed growth. These were seen in about 2 
weeks in a plasma clot culture and from 5-8 
weeks in 4 gelatin film cultures. (3) Attach- 
ment of fragments and subsequent epithelioid 
outgrowth occurred on glass equally as well 
as on gelatin film with glass-gelatin film in- 
terfaces. 

Summary. Zones of epithelioid cells from 
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single fragments of adult human skin and 
oral mucosa develop on gelatin film. Although 
the initial appearance of these cells was 
somewhat slower on this substrate, their sub- 
sequent migration or growth appeared to be 
comparable to that in plasma clot. Prolifera- 
tion of fibroblast-like cells was observed in 
some skin cultures on gelatin film when the 
medium consisted of a modified Eagle’s basal 
solution supplemented with 15% calf serum 
but not when supplemented with 20% hu- 
man or 10% human and 5% calf serum. Cul- 
tural characteristics of adult human skin and 
oral mucosa were similar except that fibro- 
blast-like cells were more rarely observed 
and extensive sheaths of epithelioid cells oc- 
curred on glass as well as on gelatin film from 
oral mucosa. 


We wish to acknowledge the valuable suggestions 
and criticisms made by Dr. Bernard Appel, Dept. 
of Dermatology, Tufts Univ. School of Medicine. 
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Several studies have been reported on the 
cardiovascular actions of adenosine and other 
purine and pyrimidine nucleosides(1-5), 
some of which exert a positive inotropic ef- 
fect in isolated preparations(6-10). Similarly 
a negative chronotropic effect and a general 
vasodilator action have been found under a 
variety of experimental conditions(1,5,11). 
Due to the key biochemical role that some of 
these compounds may play in smooth and 
cardiac muscle energetics, it was desirable to 
test in the same preparation, 7m vivo, the ino- 
tropic, chronotropic and hypotensive activi- 
ties of some of these compounds, to obtain 
quantitative data on specificity and potency. 

Materials and methods. Mongrel dogs of 
either sex weighing from 7.8 to 14.2 kg were 
anesthetized with intraperitoneal injections 
of sodium pentobarbital. Blood pressures 
were measured through an Hg manometer. 
Myocardial contractility was measured with 
a Walton strain gauge arch(12) sutured on 
the left ventricular myocardium. Records 
of myocardial tension and ECG were ob- 
tained on a 2-channel Sanborn recorder. All 
injections were made intravenously into the 
jugular vein over a 10 minute period. Solu- 
tions were freshly prepared from the pow- 
dered compounds in 50 ml of normal saline. 
The list of compounds tested included: 
Adenosine, guanosine, inosine, cytidine, thy- 
midine, uridine, adenine sulfate and guanine 
sulfate. All compounds were purchased from 
Nutritional Biochemicals, New York.  Ex- 
cept as otherwise indicated, all animals were 


* Supported by a grant from Massachusetts Heart 
Assn. 
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given 1 mg/kg of atropine at beginning of 
each experiment. 

Results. The following compounds pro- 
duced no detectable cardiovascular actions in 
the doses indicated: Adenine (2-10 mg/kg), 
guanine (2-10 mg/kg), guanosine (2-25 mg/ 
kg), inosine (2-100 mg/kg), cytidine (2-5 
mg/kg), thymidine (2-50 mg/kg), and uri- 
dine (2-50 mg/kg). ‘These were tested in 2 
to 4 animals each. In larger doses (25 mg/ 
kg) cytidine produced moderate hypotension 
and negative chronotropic and inotropic ef- 
fects, but such doses were considered too 
large to deserve further study. 

Of all the compounds tested only adeno- 
sine exhibited cardiovascular actions of a 
sufficient magnitude and consistency to war- 
rant further study. 

Quantitative results on the inotropic, chro- 
notropic and hypotensive effects of adenosine 
were obtained at several dose levels (0.1 to 
2 mg/kg) from a total of 113 injections in 
10 dogs (Fig. 1). Doses larger than 2 mg/ 
kg, up to 25 mg/kg, produced no greater ef- 
fects. In all instances recovery to control 
levels was attained within a few seconds 
(Fig. 2). Since in all of the above mentioned 
experiments the animals were fully atropin- 
ized, the observed actions of adenosine can 
not be classified as cholinergic in spite of the 
apparent similarity to the cardiovascular ac- 
tions of acetylcholine. In these animals atro- 
pine was used to eliminate the reflex vagal 
effects on heart rate associated with hypo- 
tension. 

Since there have been reports that atro- 
pine and vagotomy may abolish some of the 
cardiovascular actions of adenosine, experi- 
ments were designed to test this point using 
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non-atropinized animals. In repeated tests 
neither vagotomy nor atropine were found to 
interfere with the cardiovascular actions of 
adenosine. ; 

Discussion, Studies with isolated heart 
and heart-lung preparations suggested that 
some of the nucleosides may have a positive 
while others have a negative inotropic effect 
(6-10). The im vivo studies reported here 
are not in general agreement with this con- 
cept since, with the exception of adenosine, 
most of the nucleosides tested had no signifi- 
cant cardiac actions. The effects of adeno- 
sine in isolated preparations are similar to 
those reported herein, however the positive 
inotropic actions found among certain nucleo- 
sides (guanosine, uridine, thymidine, ino- 
sine) (8,9) must be associated with some con- 
ditions which obtain only in isolated prepara- 
tions. It is also possible that this activity is 
manifested only in failing preparations under 
special conditions. In this connection it is 
noteworthy that digitalis produces a positive 
inotropic effect when contractility is meas- 
ured with a cardiac strain gauge arch in vivo 
m3). 

Recently Thorp and Cobbin(5) have re- 
ported that 2-chloro-adenosine is more active 
than adenosine at least regarding its vaso- 
dilator potency. Furthermore this compound 
is said to have a longer duration of action. 
These authors report that atropine blocks 
the negative chronotropic effects of 2-chloro- 
adenosine which is at variance with our find- 
ings with adenosine. However our results 
are in agreement with studies on the effect of 


% RESPONSE 


Contractility 


Blood Pressure 


Heart Rote 


Ol o2 teks) 10 20 5.0 10.0 
DOSE , mg/Kg 
FIG. 1. % decrease in blood pressure, cardiac con- 
tractility and heart rate with submaximal doses of 
adenosine. 
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FIG. 2. Records of adenosine effects on contractil- 
ity and heart rate (time markers 0.1 see.). 


adenosine, acetylcholine and atropine on 
atrial resting and action potentials by John- 
son & McKinnon(10). 

Summary. The cardiovascular effects of 
adenosine and other nucleosides were studied 
in dogs. Adenosine produced hypotension 
and negative chronotropic and inotropic ef- 
fects of short duration. Quantitative dose- 
effect relationships were obtained in each 
case. Other nucleosides tested exhibited no 
significant cardiovascular actions im vivo. 
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Liver Ketogenesis. IV. Ketogenesis in Thiamine Deficient Rats and Effect of 


Hydrolyzed Glucose Cycloacetoacetate Feeding.* 
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Thiamin deficiency is known to cause dis- 
turbances in carbohydrate metabolism such 
as hyperglycemia, reduced sugar tolerance 
and rise in blood pyruvate(1,2). The authors 
have reported that glucose cycloacetoacetate 
(GCA) a crystalline product obtained by 
condensation of glucose with acetoacetate, in- 
creases pyruvate utilization by rat liver slices 
and diaphragm in vitro(3). GCA (hydro- 
lyzed) was also found to be antiketogenic 
in vitro and in vivo(4). In view of these 
findings, our study of the effect of hydro- 
lyzed GCA or GCA (h) feeding on pyru- 
vemia in B, deficiency is reported here. Liver 
ketogenesis and acetoacetate utilization by 
kidney slices and diaphragm of rats given 
B, deficient diet for a period of 4 weeks were 
studied. The effect of GCA (h) feeding 
along with deficient diet is also reported. 

Method. Male albino rats growing stead- 
ily on standard diet were divided into 4 
groups. Group I was given normal diet along 
with thiamin. Group II was fed B, deficient 
diet, the composition of which is given below. 
Group III received .8% GCA (h) (of diet by 
wt.) along with deficient diet. Because B, 
deficient rats are known to eat less, Group 
IV, which received the measured amount of 
diet equivalent to that consumed by Group 
II, was included. 


Composition of diet % 


Starch 68 
Vitamin free casein 20 
Groundnut Oil 5 
Salt Mixture 4 
Cod liver oil 2 


Vitamin mixture added mg/kg of above 
diet every day: Riboflavin, 4, Pyridoxine 2, 
Nicotinic acid 25, Cal. pantothenate 20, chol- 
ine chloride 1000, Biotin .1, Folic Acid 2, 
Vit. Big .03, Vit. K 10, Vit. E.25. Thiamin, 


* The authors record their thanks to the Council 
of Scientific & Industrial Research for a Research 
Grant. 


50 mg/kg was added to the diet fed to 
Groups I and IV. 

GCA was prepared by the method given 
by West(5) as modified by Nath e¢ al.(6). 
It was hydrolyzed in 2N HCl for 12 min in 


boiling water bath. Other details have been 


published(3). At the end of 4th week feed- 
ing period, when rats were expected to de- 
velop B, deficiency as confirmed by steady 
weight loss and reduced food consumption, 
they were sacrificed by decapitation. The 
following estimations were made: Blood su- 


gar by Hagedorn and Jensen method(7), 


blood pyruvate by Friedman(8) and _ liver 
glycogen by that of Good e¢ al.(9). Wet 
weight of total liver, kidneys and adrenals 
was recorded. Tissue preparation for in vitro 
work was done by the method of Umbreit 
et al.(10). Liver and kidney slices were cut 
free-hand using razor blade and suspended 
in 3 ml of Krebs Ringer phosphate buffer, pH 
7.2 with appropriate substrate. Incubation 
was carried out in conventional Warburg ves- 
sels for 2 hours at 37.5°C with constant 
shaking. At the end of incubation period, 
acetoacetate in media was estimated by 
menometric method of Edson(11). 

Results and discussion. Hyperglycemia 
and pyruvemia in B, deficient rats (Group 
II) as compared to normals as well as con- 
trols (Group IV) are shown in Table I. GCA 


(h) feeding to B, deficient rats restores these 


values to normal. Our previous finding(3) 
that GCA (h) increases pyruvate utilization 
in vitro is thus substantiated. Thiamine is re- 
ported to be essential for lipogenesis(12). 
Liver glycogen and lipids are significantly di- 
minished in B, deficiency (Group IT) but only 
slightly in Group IV, i.¢., rats receiving re- 
stricted amount of diet. This indicates that 
besides inanition, B, deficiency has depressing 
effect on liver glycogen and lipid content. We 
have reported earlier that GCA (h) increases 
glycogen synthesis in liver slices and dia- 
phragm(13). Chronic under-nutrition ex- 
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TABLE IT, Blood Sugar, Blood Pyruvate, Liver Glycogen 
(Wet Wt) and Acetoacetate Production by Liver Slices 
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and Lipids, % of Tissues Weights 
and Its Utilization by Diaphragm and 


Kidney Slices. 


a nc ee eee eae 
oo ——wamapaepaeauOeS—w_woes=«oq@®=oNoo emmy: ; eo 


Group I II Til IV 
No. of rats 8 12 8 6 
Blood 
Sugar, mg/100 ce 90) +3 . 105 +3 91 +4 92 +4 
Pyruvate, mg/100 ce 86+ .12 5.0 + .3 1.13 + .2 91+ .16 
Liver 
Glycogen, g/100 g wet wt of tissue 3.3 + .16 2.0 + .18 2.8 == .21 3.1 a= .2 
Lipids, idem 4.8 + 5 3.4 + .3 4 - 8 472) Se) 4: 
Tissue wt 
Liver, g/100 g wet wt of tissue 3.5 + .1 4.3 + .13 4.0 + .1 Sek ie pili) 
Kidney, idem 23 == .03 tel Greteee0S 8& + .04 81+ .05 
Adrenals, mg/100 g wet wt tissue 12 +1 18 = 2.5 11.8 +2 14 +2 
Acetoacetate produced,* 1/100 mg 
of liver slices 2 
Butyrate, .017 66 +5 100 +8 69 +6 is se 
Acetate, .08 mM 50 +4 80 +7 55 x=) 60 +6 
Acetoacetate utilizedt in y1/100 mg 
wetwtoftissue ; 
Kidney slices 68 +5 aya +4 69 +6 58 +5 
Diaphragm ey ae} 15 +4 40 +5 Sy Se) 
* ul CO, produced after decarboxylation of acetoacetate with aniline citrate. 
+ 150 gl acetoacetate added as substrate. 
Krebs’ Ringer phosphate buffer, pH 7.2, temp. 37.5°C. Incubation period 2 hr. Air as gas 


phase. 


erts a non-specific stress and causes hyper- 
trophy of adrenals(14) but this hypertrophy 
is also present in B, deficiency even when 
evaluated with pair feeding technic(15). Hy- 
pertrophy of tissues, especially of adrenals, 
in B, deficiency is also shown in our results 
(Table I). GCA (h) feeding has been found 
to maintain normal adrenal weight in defi- 
cient animals. 

Acetoacetate production by liver slices is 
considerably increased in B, deficiency and 
its utilization by diaphragm and kidney slices 
is decreased. Liver glycogen has been known 
to influence lipogenesis and ketogenesis(16). 
Mirsky(17) has shown that depletion of liver 
glycogen causes greater oxidation of fatty 
acids and greater production of ketone 
bodies. It may be assumed that lower levels 
of liver glycogen in B, deficient rats coupled 
with decreased lipogenesis by adipose tissue, 
accelerate ketogenesis by liver slices. GCA 
(h) feeding increases acetoacetate utiliza- 
tion and prevents its excessive production. 

Beatty et al.(18) have reported that glu- 
cose has no effect on acetoacetate utilization 
in the muscle and diaphragm im vitro but 
GCA, which on hydrolysis gives rise to a 


enediol glucose(19) has great effect in ac- 
celerating acetoacetate utilization. 

Summary. By, deficiency in rats causes 
hyperglycemia, pyruvemia and reduces liver 
glycogen and total lipids. Marked hyper- 
trophy of tissues especially of adrenals is also 
found. Acetoacetate production by liver 
slices is increased and its utilization by kid- 
ney slices and diaphragm decreased. Bene- 
ficial effects of GCA (h) feeding to B, de- 
ficient rats is evident from the results pre- 
sented. 
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Effects of Plasma Erythropoiesis Stimulating Factor (E.S.F.) at Different 


Time Intervals After Single Injection. 


(26469 ) 


G. Hopcson* (Introduced by H. Borsook) 


Biology Division, California Institute of Technology, Pasadena 


It has been suggested(1,2) that erythro- 
poiesis stimulating factor (E.S.F) stimulates 
differentiation of stem cells into red cell pre- 
cursors. Results of histological study of the 
spleen of polycythemic mice treated with 
E.S.F. support this view(3). More detailed 
analysis of several effects of E.S.F. might 
provide evidence for or against this theory. 
Therefore, amino acid and iron incorporation 
in hemoglobin, and reticulocyte levels were 
measured at various time intervals after a 
single intravenous injection of E.S.F. 

Methods. Normal Webster Swiss female 
mice 24-30 g obtained from Diablo, Berkeley, 
Cal. were used. E.S.F. extract, No. LD11, 
was prepared from plasma of rabbits made 
severely anemic with phenylhydrazine by 
methods already described(4). Its activity 
was about 0.7 CS 1 unit/mg or 7 Co units/ 
mg. This extract is of the same type as Ex- 
tract CS 1 which was assayed in several lab- 
oratories(4). 

Several criteria were employed to measure 
the effects of the extract. a) Measurement 
of C™ amino acid uptake in globin as pro- 
posed by Dovey e¢ al.(5). b) Measurement 
of Fe®? in plasma and spleen at 2 hours and 


* Research Fellow supported by I.C.A. under the 
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in red cells at 48 hours after tracer injection. 
c) Reticulocyte counts. d) Measurement of 
reticulocytes by determining im vitro uptake 
of Fe®® and C! leucine into washed red cells 
from 5 mice, by methods described by Bor- 
sook (6). 

The experimental design was the follow- 
ing: on day O the mice received 0.25 ml of 
.9% NaCl solution containing 2 mg LD11 
intravenously (tail vein). Controls received 
9% NaCl solution. For the C™ amino acid 
experiments groups of mice—number of ani- 
mals shown in Table I—were injected intra- 
venously at 12, 24, 48, 72, and 96 hours after 
the extract with 1 «wc C' uniformly labelled 
amino acids obtained by acid hydrolysis of 
C™ labelled chlorella protein (CFB6 Radio- 
chemical center, Amersham, England) with 
a specific activity of 1 mc/5.6 mg. One week 
later, a time when C! activity globin had 
levelled off, mice were exsanguinated by heart 
puncture under ether anesthesia. In_ initial 
experiments pooled red cells from 6 mice 
were washed thrice with 30 vol. of ice cold 
9% NaCl; 0.10 ml of the red cell suspen- 
sion was dried on planchettes using the tech- 
nic described by Lowy e¢ al.(7), and counted 
in Nuclear Chicago automatic gas flow 
counter. The rest of the red cells were lysed 
with 20 vol. of distilled water, insoluble ma- 
terial was centrifuged down, the clear super- 
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FIG. 1. Effect of E.S.F. as a function of time after 
intray. inj. Ordinate: E/,, = ratio of experimen- 


tal to control values for @—@ C™ in Hb. x—xX 
fraction of plasma iron going to erythroid tissue 
per hour. O—O reticulocytes. Abscissa: Days 
after E.S.F. ini. 
natant was made 5% with respect to TCA, 
the precipitated proteins were washed with 
TCA, acid acetone, alcohol-ether, ether, 
dried, plated and counted. Results of both 
methods of counting were correlated. For 6 
pools with activities ranging from 60-375 
cpm, the value of r was 0.985 and the slope 
1. In view of this finding, C' uptake into 
globin was measured in the experiments to 
be described by counting plated washed red 
cells. For the Fe? experiments, other groups 
of mice were injected with Fe®® at 24, 48, 72, 
and 96 hours after injection of the extract. 
Two hours later, radioactivity in plasma and 
spleen was determined in some of the mice. 
The remaining mice were bled 48 hours after 
tracer injection and erythrocyte Fe°? was 
determined. Counting was done as in the 
experiments of Lowy eé al.(7). For caicula- 
tion of Fe®® uptake the blood volume was 
taken as 6.7 ml/100 g. This value was ob- 
tained by measuring the volume of distribu- 
tion of Fe°® labelled erythrocytes. 
Reticulocytes were stained using new 
methylene blue and the fraction of these cells 
was determined by counting a total of 100 
reticulocytes in incubation experiments, and 
1000 red cells in other experiments. Pooled 
red cells from blood drawn 72 hours after 
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injection of the extract were used for incuba- 
tion experiments. 

Results. Fig. 1 and Table I show that C'* 
amino acid uptake into globin was at a maxi- 
mum when the tracer was injected 24 hours 
after the extract. Uptake was also above nor- 
mal when tracer was injected 12 and 48 hours 
after extract, but at 72 hours it was equal to 
controls. Plasma iron turnover rate and up- 
take of iron by the spleen were slightly above 
control values at 24 hours, maximum at 48, 
slightly elevated at 72 hours, and equal to 
the controls at 96 hours. Fe°® uptake in red 
cells was high from 24 to 72 hours after 
E.S.F. administration. The product of plas- 
ma iron turnover rate and percentage of Fe°® 
appearing in the red cells at 48 hours was 
taken as an estimate of the fraction of plasma 
iron going to erythroid tissue (F.I.Er.) 
Values of spleen Fe®? and F.I.Er are in close 
agreement (Table I). Fig. 1 represents the 
variation of F.I.Er and reticulocyte count 
as a function of time after E.S.F. injec- 
tion. The increased reticulocyte count mani- 
fested itself by increases in uptake of C™ 
leucine and Fe? into the incubated red 
cells of blood drawn 72 hours after injec- 
tion of the extract (Table II). Analysis of 
the dose response study showed that incor- 
poration of C1 leucine and Fe®® was a func- 
tion of the log dose of extract injected. The 
increase in C!* leucine and Fe*® uptake is 
proportionately greater than the increase in 
reticulocyte percentage. This probably re- 
flects the fact that Hb synthesis is not only 
a function of reticulocyte number but also of 
degree of maturity. The more immature reti- 
culocytes synthesize more Hb(8). 

Discussion. The first observed effect of 
E.S.F. in an increased uptake of C!* amino 
acids into globin, as early as 12 hours after 
injection, with a maximum at 24 hours. Maxi- 
mum iron uptake into Hb is at 48 hours. 
Reticulocytosis appears at 72 hours. 


The increased uptake of C' leucine and 
Fe*” by incubated erythrocytes from blood 
drawn 72 hours after injection of extracts 
represents an objective method of measuring 
reticulocytes. It is conceivably more precise 
than reticulocyte counts, which have a high 


768 


TABLE I. Effects of E.S8.F. as a Function of Time after Intravenous Injection of Extract. 


Time Course oF ESF EFFECTS 


First col- 


umn indicates time interval between injection of ES.F. and of tracer. Number in parentheses indicates 
number of mice in the group in which measurement was carried out. 


1 2 3 4 5 6 if 
SG Fe Yo Fe 
Time, Pe®, % D PITR, erythrocytes F.I.Er, spleen 
hr Retic., % CVHb, epm plasma (2hr) %/hr (at 48 hr) Jo [hy (2 hr) 

0 2.05+.15(10) 790+ 41.5 (14) 24541.24(13) 70 46.8 + 4.08(10) 32.9 3.8 +.60(10) 
12 a= 1160 + 60.0 (7) —- — _- — 2 ae 
24 — 1500 + 71.0(14) 205+ 63 (6) 79.5 59.6242.45(6) 474 482.69 (5) 
48 2.00 +.46 (5) 1860+ 71.0(14) 13.54 .69(10) 100 64.8+1.96 (6) 64.8 7.6 +.95 (5) 
72 4.00 +.33 (5) 850 +102.0 (6) 203+ .62 (9) 80 65.5 + 2.95 (6) 52.4 5.9 +.91 (5) 
96 3.05 +.42 (6) 810+ 77.0 (5) 243+41.43 (5) 70 — — 3.6 +.52 (5) 

120 1.93) 22715 (6) oo — — — — — 

PITR = plasma iron turnover rate, fraction of plasma iron turned over per hr (%/hr) = % In 


plasma Fe® 


where plasma Fe® = fraction of inj. Fe remaining in plasma at 2 hr. 


F.I.Er — fraction of 


plasma iron going to erythroid tissue = PITR X % Fe in erythrocytes at 48 hr. 


standard deviation, especially at low levels 
(9). 

The experimental findings can be explained 
by assuming that initially, under the influ- 
ence of E.S.F., a greater number of pro- and 
basophylic erythroblasts appear in the mar- 
row(3). The presence of more cells of this 
type manifests itself early (12 hours) by an 
increased uptake of amino acids into globin, 
at a rate greater than the uptake of iron into 
heme. Hammarsten et al.(10) have shown 
that these early cells synthesize globin faster 
than heme, and autoradiographic studies(11) 
indicate that they take up 4 times more ami- 
no acids than polychromatic normoblasts and 
60 times more than orthochromic normo- 
blasts. Some time later (48 hours) when the 
newly formed cells have matured to the poly- 
chromatic stage, heme synthesis is at a maxi- 
mum as indicated by histochemical studies 
(12) and by autoradiographic Fe® determi- 
nations in rat marrow(13). At this period, 
48 hours after E.S.F. injection when plasma 
iron turnover and Fe*® incorporation into 
Hb is at its maximum, C' amino acid uptake 
TABLE IT. Leueine C™ and Fe® Uptake by Ineu- 


bated Erythrocytes from Blood Drawn 72 Hr after 
E.S.F. Injection in Female Webster Swiss Mice. 


N14 
(ON Fe, 


E.S.F. inj. Retic., % epm/.l ml epm/.1 m! 
Control 1.65 61 740 
25 mg 3.35 169 2483 
pee" 4.4 219 3031 
ia 4.4 312 3766 


is still high, for although individual poly- 
chromatic normoblasts take up less amino 
acid than the earlier forms(11), more cells 
of this type are present. Later, 72 hours 
after E.S.F. injection, the cells have matured 
to the reticulocyte stage in which, as the in- 
cubation studies show, terminal globin and 
heme synthesis go on at approximately the 
same rates(6). 

In conclusion, these data can be tentative- 
ly correlated with those of Filmanowicz and 
Gurney (3) in the polycythemic mouse spleen, 
by interpreting the early increase in C' ami- 
no acid uptake into globin as a reflection of 
an increase in the early forms of erythroid 
cells 24 hours after E.S.F. injection and the 
increase in Fe” uptake at 48 hours as reflect- 
ing maturation of these cells to normoblasts. 
The reticulocyte peak at 72 hours seen in 
normal mice coincides with the maximum 
reticulocytosis observed in  polycythemic 
mice. Taken together, these data indicate 
that the sequence and timing of the events 
are similar in normal and physiologically de- 
pressed erythropoietic tissue. 

Summary. Several effects of E.S.F. in nor- 
mal mice were studied as a function of time 
after injection. The first change was a marked 
increase of C' amino acid uptake by globin 
at 24 hours. This was followed at 48 hours 
by increase in iron consumption by erythroid 
tissue, and at 72 hours by an increase of reti- 
culocyte count in peripheral blood as well as 
by increase in Fe®? and leucine C'* uptake 
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by incubated red cells. 
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Antibody prepared in rabbits against rat 
lung tissue has been shown to be fixed in the 
Jung and other organs when injected intra- 
venously into rats(1). A similar situation 
exists with antibody against rat kidney in 
that when it is injected intravenously it local- 
izes in the kidney with some cross-localiza- 
tion elsewhere(2,3). Rate of localization in 
kidney has been determined for the latter 
case(4) and it was found that for the most 
part the antibody is removed from the circu- 
lation as it passes through that organ. There 
is a second component which appears to be 
fixed at a somewhat slower rate. In the ex- 
periments reported here, rate of localization 
of anti-lung antibody in the lung was deter- 
mined. 

Preliminary results with the globulin frac- 
tion of anti-lung serum indicated that the 
lung localizing activity was too low to permit 
very accurate measurement in view of the 
relatively high background localization in the 
lung. Therefore, the study was made pri- 
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marily with antibodies in which the lung lo- 
calizing activity had been concentrated and 
purified by adsorption and elution from lung 
tissue. The major part of the kidney localiz- 
ing activity was removed from the purified 
preparation by treatment with kidney sedi- 
ment. 

Materials and methods. Sprague-Dawley 
rats were used throughout the studies. Sera. 
Anti-rat lung sera were obtained by injecting 
perfused rat lung homogenate intraperitone- 
ally into 8 rabbits 3 times a week for 4 weeks 
and bleeding one week after last injection. 
The dose given was 0.5 g wet tissue per in- 
jection. The y-globulin fraction of each anti- 
serum (7 G Anti-R Lu) and of normal rabbit 
serum (y GNS) (Pentex, Inc.) was prepared 
by ethanol fractionation(5). The y G anti-R 
Lu from a single rabbit showing the highest 
lung localizing activity relative to localization 
elsewhere was selected for this study. The 
proteins were radioiodinated as described 
previously (6,7). Preparation of sedimenis: 
Frozen rat lungs previously perfused with 
saline were minced with scissors and ho- 
mogenized with 4.5 vol. physiological saline 
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and 0.5 vol. borate buffer, pH 8.0, by means 
of a glass tissue grinder. The homogenate 
was centrifuged at 1,500 RCF for 15 min. at 
5°C and the sediment removed. The super- 
natant was recentrifuged at 25,000 RCF for 
15 min. and the collected sediment was 
washed several times, then lyophilized. This 
preparation of lung high speed sediment, re- 
ferred to as Lu H Sed was found to concen- 
trate lung localizing antibody more specifical- 
ly than the low speed sediment. Rat kidney 
sediment (K L Sed) was collected by centri- 
fuging the homogenate at 1,500 RCF, washed 
and lyophilized. Preparation of fibrin: Fib- 
rinogen was prepared from normal rat plas- 
ma by fractionation with phosphate buffer 
similar to that for human fibrinogen(8). Fib- 
rinogen (30 mg) was dissolved in borate buf- 
fer, pH 8.0 and mixed with 20 NIH units of 
bovine thrombin (1.0 mg lyophilized bovine 
thrombin, Parke, Davis & Co.). After stand- 
ing at 37°C for 1 hour, fibrin was collected 
on a stirring rod, chopped in small pieces 
with scissors and homogenized with a glass 
tissue grinder to make a fine suspension. 
After centrifuging and washing, the fibrin 
was used for adsorption. Purification of anti- 
lung antibody: 16 mg of radiolabeled y-glo- 
bulin fraction of anti-lung serum was treated 
with 16 mg of Lu H Sed in the presence of 
0.2 ml of normal rabbit serum at 37°C for 1 
hour. The sediment was collected by centri- 
fuging the mixture at 25,000 RCF for 15 
min. and washed twice with 10 ml of borate 
buffer pH 8. The sediment was suspended in 
5 ml borate buffer and treated at 60°C for 
20 min. to elute the adsorbed antibody. The 
same procedure was repeated with the residue 
using 3 ml borate buffer. Both eluates were 
combined. Of the original radioactivity, 4.5% 
was recovered in the eluate. The purified 
anti-lung antibody (eluate) was further 
treated once with rat fibrin prepared from 30 
mg fibrinogen, then twice with 16 mg of K L 
Sed to remove anti-fibrin(9) and the major 
part of kidney localizing antibody. The final 
supernatant was used for injection into donor 
animals. The final recovery was 3.2% of the 
original radioactivity. Radioiodinated nor- 
mal serum globulin was treated in the same 
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manner. Recovery of radioglobulin in the 
eluate was 0.91%. After adsorption with 
fibrin and kidney sediment, 0.72% of the 
original radioactivity was found in the final 
supernatant. This was used for injection into 
donors of control groups. 

Results. The purified anti-lung antibody 
described above was diluted with saline con- 
taining 2% of normal rat serum, and 2 ml 
portions, containing 34 pg radio-globulin, 
were injected intravenously (tail vein) into 
a series of 14 Sprague-Dawley rats weighing 
130-150 g. After a certain period of time 
blood from a group of 2 donor rats was taken 
from the abdominal aorta with heparinized 
syringes and collected plasmas were pooled. 
The localizing activity remaining in the plas- 
ma from each group was determined by in- 
jecting 0.5 ml of the plasma (diluted to 2.0 
ml with borate buffer), into each of 5 recipi- 
ent rats. The initial localizing activity of the 
antibody preparation (zero circulation time) 
was determined without passive transfer by 
direct injection of the original material (di- 
luted similarly) into a group of recipient rats. 
All recipient rats were perfused 3 days after 
injection, the tissues removed(7) and radio- 
activity was determined as described previ- 
ously (6). 

A similar preparation from normal serum 
globulin (11.5 »g/donor rat) was used for 
donor rats of control groups and the passive 
transfer carried out as mentioned above. 


ANTI-LUNG GLOBULIN 


GLOBULIN LOCALIZED IN RECIPIENTS’ LUNG 


8 
fost 
5 | os RABBIT GLOBULIN 
Z 
5 
* 
IP a rare | orn * oes : is T: as 
ce) 3 6 to" 20' 30(MIN) 2 Hours 24Hours 
SOJOURN IN DONOR RAT 
FIG. 1. Disappearance of lung localizing activity 


of anti-lung antibody from cireulation. Purified 
anti-lung antibody and the similar preparation 
from normal serum globulin (control) were used. 
Abscissa: circulation time in donor rats. Ordinate: 
% of inj. radioglobulin, remaining in donor plas- 
mas, which was fixed by the lungs of assay rats. 
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TABLE I. Disappearance of Localizing Activity from Circulation (Anti-Lung Antibody). 

Donor rats were inj. with purified anti-lung antibody and bled at various times after inj. Loeal- 

izing activity of radioglobulin remaining in circulation at time of bleeding was assayed by inj. 
of the plasma into 5 assay rats. (3 day assny.) cant 


% of inj. 

‘ globulin hig a Net localization of remaining 
Time be- remaining = Localization of remaining antibody antibodyt (% dose in total 
tween inj. indonor’s _ in assay rats (% dose in total organ) organ) 

& bleeding plasma* uno Ki ee * ‘ ‘ 
g Kidney Liver Spleen Blood Lung Kidney Liver Spleen 

0 min.t aa 1.47 48 2.58 41 12.2 104° .36 2.10 34 

3 84.1 94 54 2.11 38 15.0 51 42 1.63 31 

6 67.1 69 42 1.26 .28 18.1 .26 30 .78 21 

10 59.6 62 32 1.08 .26 18.7 19 .20 60 19 
20 51.2 73 42 1.18 24 18.9 .30 30 .70 17 
30 47.8 -70 22 75 15 15.6 2 10 27 08 
24 hr 18.5 74 20 74 14 28.2 ol 08 .26 07 


= Caleulated assuming total blood as 149 of body wt. 
} Localization corrected for nonspecific localization of control preparation from GNS (Table 


TE): 
¢ Zero time: direct inj. into 5 assay rats. 


TABLE II. Disappearance of Localizing Activity from Cireulation (Control Preparation from 

GNS). Donor rats were inj. with purified GNS and bled at various times after inj. Nonspecific 

localizing activity of radioglobulin remaining in circulation at time of bleeding was assayed by 
inj. of the plasma into 5 assay rats. (3 day assay.) 


Time between 
injection and 
bleeding, min. 


% of inj. globu- 
lin remaining in 
donor’s plasma* 


Localization of remaining radioglobulin in assay rats 


(% dose in total organ) 


Lung Kidney Liver Spleen Blood* 
Ot == .28 10 45 05 15.7 
6 64.0 46 13 62 06 28.9 
30 45.7 45 13 AT 09 31.8 
120 38.2 51 10 36 07 32.6 
Avg 43 12 48 07 


* Calculated assuming total blood as Yo of body wt. 


t Zero time: direct inj. into 5 assay rats. 


Preliminary experiments indicated that the 
fixation of lung-localizing antibody takes 
place rapidly, essentially within one hour 
after injection. Therefore, the experiment 
was carried out with shorter circulation times 
of 3, 6, 10, 20, 30 min. and 24 hours. The 
results are shown in Table I and Fig. 1. Net 
localizing activity remaining in the donors’ 
plasma was calculated by subtracting the av- 
erage background values of control groups 
(Table II). The lung localizing activity of 
the donor plasma decreased to 50% level 
after only 3 minutes of circulation and to 
25% level in 6 minutes, then remained at 
this level up to 24 hours of circulation. This 
indicates that the lung localizing antibody in 
anti-lung serum is fixed by donor rats very 
rapidly. Indeed, all the available lung local- 
izing antibody seems to be cleared from the 


circulation in 6 minutes. Liver, kidney, and 
spleen localizing antibody although still pres- 
ent in the purified preparation,+ are also fixed 
rapidly, but complete clearance from the 


t The localizing activity of the purified antibody 
(before adsorption with K L Sed) can be affected 
by treatment with sediments from various organs. 
K L Sed was most effective in removing the kidney 
localizing antibody together with some of the liver 
and spleen localizing antibody. This did not affect 
the lung localizing antibody. The sediments from 
liver and spleen removed parts of the liver, spleen 
and kidney localizing activity without affecting the 
lung localizing activity. The high speed sediment 
from kidneys and the low speed sediment from 
lungs removed part of the lung localizing antibody 
as well as part of the other localizing antibodies. 
The high speed sediment from lungs was most ef- 
fective in removing the lung localizing antibody. 
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blood seems to take a longer time than the 
lung localizing antibody. 

Discussion. For the passive transfer meth- 
od to give an accurate measure of the locali- 
zation of antibody in a particular tissue, the 
localizing antibodies should be made as speci- 
fic as possible against the target tissue in 
question. If the lung localizing antibodies 
are fixed by other tissues as well as the lung 
itself, the disappearance rate of lung localiz- 
ing activity from the donor’s circulation 
would not indicate the true rate of fixation by 
lung. However, it has been shown that the 
anti-lung antibody once localized in the lung 
does not go to other organs to any appreci- 
able extent, when eluted and reinjected(10). 
Therefore, we feel that the data obtained 
here represent a rather accurate estimate of 
the localization rate occurring in the lung. 
Thus, the lung localizing antibody seems to 
be fixed by lungs very rapidly and the re- 
sponsible antigens must be in close contact 
with the circulating blood. 

The data are not accurate enough to de- 
termine whether the trapping efficiency of 
lung is greater than that of kidney or liver 
for their respective antibodies. The more 
rapid clearance by lung may be due to the 
greater circulation through the lungs which 
get the full cardiac output as compared with 
the other organs which get only part. 

Summary. Rate of localization of anti-rat 
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lung antibody in lungs was determined by a 
passive transfer method. The purified anti- 
lung antibody was injected into donor rats 
and the lung localizing activity remaining in 
the circulation was assayed by injecting the 
plasmas into groups of recipient rats. The 
lung localizing antibody was cleared from the 
circulation very rapidly, indicating that the 
responsible antigens must be in very close 
contact with the circulating blood. 
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A common procedure for laboratory diag- 
nosis of poliomyelitis involves first isolation 
of the viral agent from a stool specimen fol- 
lowed by serological identification of this 
agent. Attempts to expedite this procedure 
by carrying out serological identification di- 
rectly on virus-containing stool extract have 
not been entirely successful principally be- 


cause of the presence of non-specific cyto- 
toxins in such material. Various aspects of 
this problem have been fully described and 
discussed (1,2). 

It will be shown in this report that by dif- 
ferential centrifugation of infected stool ex- 
tracts, virus can be concentrated and sepa- 
rated from cytotoxic material. Serological 
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identification can be performed directly on 
such viral preparations without intrusion of 
non-specific cellular reactions. Final results 
are then, in most instances, available in less 
than 5 days. 

Materials and meihods. Cell cultures: He- 
La cells and monkey kidney (MK) cells were 
used. About 50,000 HeLa cells were seeded 
in tubes (13x100 mm) with 1 ml of medium 
consisting of 20% horse serum and 0.1% 
yeast extract in Hanks’ solution. After 4-5 
days’ growth, medium was removed and the 
cell layer washed with Hanks’ solution. MK 
cells were obtained from a commercial 
source* as primary tube cultures containing 
approximately 200,000 cells per tube. 

Maintenance medium: For both isolation 
and identification of the viral agent, medium 
consisted of 2% chicken serum and 0.5% lac- 
talbumin hydrolysate in Hanks’ solution. 

Antisera: Rabbits were immunized by re- 
peated injections of live virus. 

Preparation of stool specimens: A 20% 
suspension of the specimen was prepared in 
Hanks’ solution (without bicarbonate) and 
centrifuged at 2,000 rpm for 10 minutes. Su- 
pernate was collected and centrifuged at 8,- 
000 rpm for 20 minutes in the No. 40 rotor 
of the Model L Spinco centrifuge. Supernate 
was collected and sufficient gelatin (1% con- 
centration in Hanks’ solution) was added to 
bring the final concentration to 0.1%. As 
shown by Baron(3), presence of gelatin in- 
creases the efficiency of centrifugal sedimen- 
tation of small viruses. The specimen was 
then centrifuged at 38,000 rpm for 2 hours 
in the No. 40 rotor which was allowed to de- 
celerate without braking. Supernate was de- 
canted and discarded. Sediment was resus- 
pended in 2 ml of maintenance medium and 
penicillin and streptomycin were added to a 
final concentration of 100 units each per ml. 
Three 2 ml suspensions were prepared and 
pooled for each specimen. This preparation 
(6 ml) which hereafter will be referred to as 
stool concentrate, was held at room tempera- 
ture for 30 minutes. 

Simultaneous isolation-identification test: 
To each of 5 one ml portions of stool concen- 


* Microbiological Assoc., Inc., Bethesda, Md. 
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trate were added respectively one ml of (a) 
type 1, (b) type 2, (c) type 3 antisera, (d) 
a pool of the 3 antisera and (e) Hanks’ solu- 
tion. An additional 2 ml of (e) was prepared 
to be used as inoculum for MK cells. Anti- 
sera were diluted 1:20 in Hanks’ solution 
prior to use. Mixtures were held 45 minutes 
at room temperature, then 0.5 ml was added 
to each of 3 tube cultures of HeLa cells. In the 
case of specimen (e), which served as the 
isolation specimen, 3 tubes of MK cell cul- 
tures also were inoculated. Controls for the 
test were set up as follows: (f) Hanks’ solu- 
tion, (g, h, i) each of the 3 antisera, (j) a 
known type 1 poliovirus, (k) poliovirus plus 
known type Il antiserum. One-half ml of 
each control was inoculated into each of 3 
HeLa culture tubes. It was not essential to 
include controls (g, h, i) in every test after 
it had been ascertained that a given batch of 
antiserum was not toxic for HeLa cells. All 
cultures were then incubated for 2 hours at 
37°C after which the inoculum was removed 
and replaced by one ml of maintenance me- 
dium. Cultures were then incubated at 37°C 
for final observation. 

Occasionally the above routine procedure 
was modified as follows: Cultures were in- 
oculated with 0.2 ml of each specimen and 
0.8 ml of maintenance medium. Cultures 
were then incubated at 37°C for final obser- 
vation without removal of inoculum. 

A schematic representation of preparation 
of the stool specimen and protocol for the 
test are shown in Fig. 1. 

Results. Interpretation of possible results 
of the test: The various possible results of 
this test are considered in Table I. If stool 
concentrate contains poliovirus type 1, 2 or 
3, the reactions indicated in rows 1, 2, 3, re- 
spectively, will be observed. These results 
are frequently unequivocal in 2 or 3 days and 
in most instances final within 5 days. 

If the result shown in row 4 is observed, 
incubation is continued for 14 days to detect 
either atypical poliovirus or other slow-grow- 
ing enteroviruses. If after prolonged incuba- 
tion cytopathic changes in isolation cultures 
are observed, the culture fluids are collected 
for further studies. If growth occurs only in 
MK cultures (row 5), virus is collected from 
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STOOL SPECIMEN 
L 
20% SUSPENSION 
v 
2,000 rpm/10’ 
ES DDB) ODN ce aml) , 
SUPERNATE 
t 
8,000 rpm/20’ 
DISCARD SEDIMENT <n U 
SUPERNATE, ADD GELATIN 
o 
38,000 xpm/2 liv 


SUPERNATE <——_, 
SEDIMENT 


| 


RESUSPEND, ADD ANTIBIOTICS 


To 1 ml aliquots add To 1 ml of Hanks’ solution add 
(1) (b) (¢) (d) (e)* (Ey Ss Eee Cie Ces, (i) (k) 
Typel Type2 Type3 Polyvalent Hanks’ Ilanks’ Typel Type2 Type 3 Poliovirus Poliovirus 
. a + 
Antisera Antisera antiserum 


* These are set up in double quantities to allow for inoculation of monkey kidney eultures as 
well as HeLa cultures. 


+ These controls are necessary only for untested preparations of sera; subsequently oeeca- 
sional inclusion either as individual or pooled sera is recommended, 


FIG. 1. Preparation of stool specimen for use in simultaneous isolation-identification test. 


TABLE I. Protocol of Simultaneous Tsolation-Identification Test and Consideration of Pos- 
sible Results. 


Neutralization Tsolation 


Stool concentrate 
+ antiserum 


Poly- Stool coneen- 


Row No. 1 2 3 valent trate + Hanks’ Interpretation of results 
(a), ch) (eye eCd) (©) 
ING ORS 1G) N C Poliovirus type 1 present 
2 C N , N © # aay ee 
3 Ce er NT EN © ” » 3 
4 N N N N N—Hela 
N—MK Negative for virus 
5 N N N N N—Helha 
C—MK Virus present that is not poliovirus or is 
atypical poliovirus 
6 © C C C C 1) Poliovirus but too concentrated for 
antiserum 
2) Poliovirus and other virus 
3) Virus other than poliovirus 
7 C C C N C More than one strain of poliovirus 


“ N = cells appear normal, © = cells show eytopathie effect of virus. 
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TABLE IT. Concentration of Poliovirus in Super- 
nates and Sediments of Stool Suspensions after 
High Speed Centrifugation.* 


Exp. Specimen No. Supernate Sediment 
1 794 68 x 10° 99°5< 110 
870 33 X 10° 38 X 10° 
896 2S 105 ay Soak 
2 1364 <i 40° 10° 
1148 274 26 X 108 
144 iLO: 28. <a 
1305 2 25 X 10° 
855 <el <2 
837 Gil 2 
3 dy 40 600 
G 20 500 
H 20 580 


* Ten ml of stool suspension was centrifuged aid 
sediment resuspended in 2 ml. Titers expressed as 
plaque forming units/ml. 


these cultures and the test is repeated using 
MK cell cultures. 

The results shown in row 6 indicate that 
either the amount of virus in stool concen- 
trate is in excess of the neutralizing capacity 
of the antiserum, or both poliovirus and an- 
other virus are present, or a viral agent other 
than poliovirus is present. The test is then 
repeated with stool concentrate diluted 10° 
and 10°. Finally, if the result shown in row 
7 is obtained, it indicates that 2 types of 
poliovirus are present. The test is repeated 
with appropriate pairing of poliovirus anti- 
sera (1. c., 1 and 2, 1 dnd 3, 2 and 3). 

Control cultures (f, g, h, i, k) should re- 
main normal in appearance for duration of 
test, while control (j) should show charac- 
teristic cytopathic effect of poliovirus. Any 
other reactions invalidate part or all of the 
test. 

Studies on efficiency of centrifugation: The 
essential feature of the present procedure 
that makes the simultaneous test feasible is 
the partial purification of virus with con- 
comitant elimination of cytotoxic substances. 
To ascertain that centrifugation was efficient 
and that the bulk of virus was not being dis- 
carded with the high speed supernate, con- 
centration of virus in the supernate and sedi- 
ment was measured. The assays were per- 
formed by plaque technique and results are 
contained in Table II. In all cases, except 
for the last 2 specimens of Exp. 2, which 
contained no detectable virus, concentration 
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of virus in sediment was at least 5-fold great- 
er than in supernate. This is true even for 
specimens 144, F, G, H which contained 
comparatively little virus. Concentrations of 
virus in supernates of specimens 1364, 1148 
and 1305 are unexpectedly low in compari- 
son with sediments. It seems unlikely that 
efficiency of centrifugation is the sole expla- 
nation, and other possibilities are under 
study. 

Results of studies on stool specimens: 
Studies on stool specimens from 176 sus- 
pected cases of poliomyelitis were carried out 
using the consecutive (i. e., isolation followed 
by identification) and simultaneous proce- 
dures in parallel. Of 60 specimens found to 
contain poliovirus by the simuitaneous meth- 
od, 58 were positive by the consecutive meth- 
od. Although 18 specimens caused non-spe- 
cific cytotoxic reactions by the latter method, 
no such reactions were observed with stool 
specimens prepared by centrifugation. 

With the newer technique, 80% of the 
positive specimens were typed within 5 days 
of receipt. The remaining specimens were 
poliovirus strains which either grew slowly or 
grew only in MK cell cultures. 

The above procedure is equally suitable 
for isolation and identification of other en- 
teroviruses. In several instances, presence of 
virus was evident in MK cell cultures but 
not in HeLa cultures, and these isolates 
were shown to be Echo viruses. Several 
Coxsackie viruses were also isolated. Three 
specimens were found to contain dual agents, 
one contained types 1 and 3 polioviruses, and 
2 contained type 1 poliovirus together with a 
Coxsackie virus. 

Summary. A method is described for si- 
multaneous isolation and identification of po- 
liovirus in stool specimens. The principal 
feature of the method is partial purification 
of virus by differential centrifugation of stool 
extract. Virus so prepared is free of non- 
specific cytotoxins and is also more concen- 
trated than in the original specimen. Results 
of studies on 176 stool specimens have shown 
that the method is rapid, sensitive, and free 
of complicating non-specific reactions. Posi- 
tive specimens are typed in most cases within 
5 days. The method should also enable more 
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rapid isolation and identification of other en- 
teroviruses. 
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Staphylococci are known to release into the 
environment in which they grow a number of 
enzymes and toxins. Knowledge of the ori- 
gin and function of these extracellular pro- 
teins may clarify the manner and degree in 
which they influence virulence and perhaps 
communicability. To this end strains of dif- 
fering pathogenicity were selected with a 
view to examining the number and distribu- 
tion of proteins that could be revealed by 
starch gel electrophoresis, a method capable 
of giving remarkable resolution as has been 
demonstrated in studies of proteins of serum 
(1,2) and other materials(3,4). 

Materials and methods. Strains. Strains 
Mendita and 3895 are examples of classically 
avirulent coagulase-negative staphylococci of 
the albus type. Strain Mam-der is regarded 
as occupying a position intermediate between 
nonpathogenic and pathogenic staphylococci 
(5). Strains 4423 and 26925 are examples of 
Staphylococcus aureus phage type 80/81 iso- 
lated from the human nasopharynx. Strain 
4423 was freely communicable among pre- 
mature infants in a nursery but was accom- 
panied by an abnormally low lesion rate: 
strain 26925 was obtained from a_ healthy 
person who had no history of recent suppura- 
tive lesions. Strains Smith-diffuse and Smith- 
compact are variants of Staphylococcus au- 


* This investigation was supported in part by re- 
search grants from Life Insurance Medical Research 
Fund and Nat. Inst. of Allergy and Infect. Dis., 
U. S. Public Health Service. The authors are in- 
debted to Dr. David E. Rogers and Dr. Frederick 
H. Wentworth for cultures as well as for informa- 
tion regarding their history. 


reus originally isolated from a case of osteo- 
myelitis. The former is virulent for mice in- 
traperitoneally and is lysed by phage 44A; 
the latter is avirulent for mice intraperitone- 
ally and apparently is not phage-typeable(6). 

Production and Concentration of Extra- 
cellular Proteins. The medium used was 
similar in composition to that of Gladstone 
and van Heyningen(7) but was modified to 
exclude substances of high molecular weight 
that might be present in small amounts in 
some of the constituents. Two liters of doub- 
ly concentrated medium, pH 7.1 - 7.2, were 
placed in a 6 X 18 in pyrex cylinder fitted 
with a plexiglass cover containing a large cen- 
tral hole and 2 smaller holes eccentrically lo- 
cated. A large cellophane sac (uninflated 
width 234 in) containing 2000 ml distilled 
water was suspended from the plexiglass cover 
by bringing the open end of the sac through 
the central hole and attaching it to a short 
length of large-diameter glass tubing. The lat- 
ter was closed with a rubber stopper carrying 
0.7 mm inlet and outlet tubes so that the solu- 
tion inside the sac could be mixed during in- 
cubation by bubbling with gas. The 2 smaller 
holes carried additional inlet and outlet tubes 
for mixing of solution outside the sac. The 
assembly was autoclaved for 30 minutes at 
15 lb per square inch, allowed to cool, and 
placed in a 36° incubator for temperature 
equilibration. 

The inoculum, consisting of saline-washed 
cocci derived from 2 ml of a 16-hour broth 
culture, was aseptically introduced into the 
cellophane sac. Incubation was allowed to 
proceed for 24 hours during which time the 
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culture inside the sac, and the medium out- 
side as well, were continuously bubbled with 
a mixture of 20% CO» and 80% Os, cotton- 
filtered, at a rate of approximately 120 
bubbles per minute. Heavy growth occurred 
inside the sac while none occurred, as a rule, 
in the external solution. After centrifugation 
the clear supernate was -concentrated 5- to 
8-fold by pervaporation, dialyzed against 
running tap water for 12 to 24 hours, and re- 
pervaporated to 100 to 200 ml. The solution 
was dialyzed in the cold against 4 volumes 
of saturated ammonium sulfate for 2 to 3 
days, with intermittent mixing, so that it 
equilibrated at 80% saturation. The pre- 
cipitate was recovered by centrifugation, dis- 
solved in 10 ml distilled water, and dialyzed 
in the cold against 5 | distilled water for 2 to 
3 days. The solution was centrifuged, the 
insoluble sediment discarded, and the super- 
nate lyophilized. 

Starch gel electrophoresis. The method 
used was essentially that described - by 
Smithies(1). As a routine, 10 mg staphylo- 
coccal protein preparation were subjected to 
electrophoresis (borate, pH 8.6) following 
which the gel was sliced in a_ horizontal 
plane and stained with amido black(1). 

Distribution of Toxic and Enzymatic Ac- 
tivities. The product obtained from strain 
4423 was employed. Hemolytic activity, ap- 
parently alpha hemolysin, was localized (a) 
by slicing the gel in the broad plane, as for 
staining, and bringing the cut surface into 
contact with rabbit blood agar, and also (b) 
by titrating against rabbit red cells eluates 
of slices that had been transversely cut at 
appropriate intervals along the length of the 
gel. The amounts of staphylococcal product 
applied to the gel were 1 and 10 mg respec- 
tively. Elution was carried out by slow- 
freezing at —16° each transverse slice togeth- 
er with 1 ml phosphate-buffered saline con- 
taining 0.1% bovine serum albumin, followed 
by thawing and mechanical compression of 
the gel sections to express fluid. Lipase was 
detected by placing strips of gel on tributy- 
rin agar(8) and incubating for one hour at 
37° followed by removal of the gel strips and 
examination for clearing. Addition of eluates 
to egg yolk broth (McGaughey and Chu(9) 
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resulted in the development of opalescence. 
The most intense effect occurred in zones 
corresponding to those of maximal lipase ac- 
tivity suggesting that the opalescence is re- 
lated to lipolytic activity on triglycerides as 
proposed by Gillespie and Alder(10). De- 
soxyribonuclease was detected by allowing 
gel strips to remain in contact with one per 
cent agar containing 0.2% sodium desoxy- 
ribonucleate, 0.03 M borate, pH 8.6, and 0.01 
IM MssOj Atter 1 hour at 37°C,. the: gel 
strips were removed, the agar flooded with 
95% ethanol and examined for differences in 
opacity. Hvyaluronidase was estimated in elu- 
ates using the method of Tolksdorf et al.(11). 
Staphylokinase was detected by placing small 
volumes of eluates on fibrin plates(12) con- 
taining plasminogen, and subsequently ob- 
serving for areas of fibrin digestion. Control 
plates from which plasminogen was omitted 
were used to differentiate direct proteolytic 
action, if present, from that brought about by 
staphylokinase. Significant amounts of pro- 
teolytic activity were absent as judged from 
failure of fibrin to be digested in plates lack- 
ing plasminogen. As no coagulase could be 
detected in 0.1% solutions of unfractionated 
staphylococcal proteins, it appears that little 
or no soluble coagulase is formed under the 
conditions used for cultivation. 

Results. Yield and nature of extracellular 
material. Five cultures of the Smith-diffuse 
strain were grown and processed as described. 
Bacterial growth, expressed as OD¢;0 varied 
from 0.37 to 0.68, and total weight of non- 
dialyzable extracellular product obtained 
from the supernates varied from 156 to 316 
mg. Under the conditions of cultivation used, 
the Smith-diffuse strain formed non-dialyz- 
able substances averaging 45% of its own 
weight. 

Comparable data for all the strains studied 
are given in the first 4 columns of Table I. 
Strain 4423 formed as little as 10% of its 
weight in non-dialyzable substances while the 
compact variant of the Smith strain produced 
68%. The results suggest that strains of 
staphylococci vary widely in quantity of ex- 
tracellular material of high molecular weight 
that they elaborate during growth. 

The non-dialyzable products obtained from 
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TABLE I, Growth, Yield and Properties of Extracellular Products of Diverse Strains. 
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Wt of product 
(mg) & 100 


Nieldo£ as ey Ane 

extracellu- Wot Growl d Folin-Cio- Orcinol 

Bacterial lar non- Dt Eros OD calteau color color as 

growth,  dialyzable (mg) ODs20* — as tyrosine, ribose, 

Strain ODes product, mg % per 0.5mg  ODaxo pg/mg ug/mg 
Mendita .615 99 16 1.36 Is) 47 18.5 
3895 452 190 3 904 1.26 57 12.4 
Mam-der 462 175 39 1.25 1.55 69 23.6 
4423 .660 65 10 1.05 .95 94 7.5 
26925 390 84 22 83 1.02 69 6.7 
Smith-compact —.290 195 68 85 1.12 61 7.5 
Smith-diffuse 445 186 43 .925 1.07 66 9.3 


* 0.03 m borate buffer, pH 8.6. 


the culture supernates were assayed for pro- 
tein using the Folin-Ciocalteau phenol re- 
agent(13) and the results (Table I) indicate 
that the products consist very largely of pro- 
tein. However, the values of the ultra-violet 
absorption ratio, OD260 : ODoso0, suggest that 
substantial amounts of nucleic acid are also 
present. The products were therefore ana- 
lyzed for ribose, using the orcinol reagent 
(14), and from the color developed (Table 
I) it can be estimated that ribonucleic acid is 
present to the extent of 3 to 12% of the 
weight of the products. It is notable that the 
products of the 2 coagulase-negative strains 
and the “intermediate” strain contain dis- 
tinctly larger amounts of ribonucleic acid (9.3 
to 11.8%) than those of the 4 coagulase-posi- 
tive strains (3.8 to 4.7%). 

Description and analysis of electrophoretic 


patterns. The 4 examples of potentially 
pathogenic staphylococci (strains 4423, 
26925, Smith-diffuse and Smith-compact) 


each show 12 to 14 bands and the patterns 
of these 4 strains are remarkably similar al- 
though not identical. All 4 strains show 3 
bands of protein (lettered A, B and C in 
Fig. 1) which have separated to the left of 
the sample application slit. (Band B could 
not be detected in the starch slice of Smith- 
compact chosen for portrayal in the figure 
but was present as a faint band in a pattern 
of another preparation of the same strain). 
Band B may be of particular interest because 
it is the heaviest staining band of the 12 
formed by the penicillin-resistant phage type 
80/81 strain 4423, and because it, as well as 
bands A and C, is absent from Mendita, 3895 


and Mam-der. Labelling of bands of differ- 
ent strains by the same letter does not im- 
ply that these bands necessarily represent the 
same substance but is intended to indicate 
similarity to the observer’s eye, of staining 
intensity, width, or position in relation to 
other bands. 

The bands labelled H, I, K and L of strain 
4423 appear to recur in Smith-diffuse and 
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FIG. 1. Representation of starch gel electropho- 
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retie patterns for 7 strains of staphylococei. Ar- 
row shows location at which samples were applied. 
Bands B, F, G, ete. are in the direction of the posi- 
tive electrode. Diagonal shading indicates degree 
of intensity of protein staining; horizontal shading 
indicates a moderately dark background of dif- 
fusely staining material. Because the representa- 
tion is diagrammatic the sharpness and clarity of 

the patterns tend to be somewhat exaggerated. 
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FIG. 2. Localization of hemolytic and enzymatic 
activities after electrophoresis in starch gel. Strain 
4423. Arrow indicates origin. Migration toward 
the right is in the direction of positive electrode. 


Smith-compact. It is less certain that some 
of the bands of Mam-der are homologous 
with H, I, K and L of 4423 and the Smith 
strains, and it is likewise difficult to relate to 
H, I, J and K the bands in the corresponding 
region of the 26925 pattern. It is notable 
that a fast-moving band, P, is present in all 
patterns except those of Mendita and 3895. 

The patterns of the 2 nonpathogenic 
strains, Mendita and 3895, differ strikingly 
from those of the potentially pathogenic 
staphylococci. Only 7 and 6 bands, respec- 
tively, are evident and about half of them are 
relatively faint. The pattern of the “inter- 
mediate” strain, Mam-der, shows no very 
strong resemblance to either those of the 
pathogenic staphylococci or to those of Men- 
dita and 3895. 

To make sure the observed bands actually 
represent products of staphylococcal growth, 
medium was assembled, incubated and con- 
centrated in the usual way but instead of in- 
oculating it, 15 mg crystalline ovalbumin 
were added as a carrier to the medium to be 
processed. Electrophoresis of the resulting 
concentrate yielded a pattern indistinguish- 
able from that given by a solution of crystal- 
line ovalbumin, no additional bands being 
discernible. 

The information provided by assays for 
toxic and enzyme activities is summarized in 
Fig. 2 in which shaded areas represent zones 
of maximal activity. In some instances the 
width of the zones is arbitrary inasmuch as 
increasing the sensitivity of the test, as can 
be done by lengthening the time of develop- 
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ment, tends to broaden the zone of detectable 
activity. Although lipase and staphylokinase 
each show 2 zones of maximal activity, it 
need not be inferred that staphylococci syn- 
thesize or secrete 2 kinds of lipase and 2 
kinds of staphylokinase. It may be that 
some of the enzyme molecules are free to 
move in the gel while the remainder may be 
aggregated or complexed with a second sub- 
stance that tends to retain the enzyme at or 
near the sample slit. 

Discussion. ‘The results show that growth 
of both potentially pathogenic (coagulase- 
positive) and nonpathogenic (coagulase-neg- 
ative) staphylococci is accompanied by the 
accumulation of a large amount of extracellu- 
lar substance, chiefly protein. Quantities of 
protein found are comparable with those re- 
ported by Rogers(15). The presence of ap- 
preciable amounts of ribonucleic acid in the 
culture supernates here studied indicates that 
cell lysis occurred to a significant degree, and 
at first sight (Table I) it appears that lysis 
occurred to a greater extent among nonpatho- 
genic than among potentially pathogenic 
strains. Organisms of the latter type, how- 
ever, are known(16,17) to produce a thermo- 
stable nuclease which degrades both DNA 
and synthetic polyribonucleotides. Ribonu- 
clease activity was readily detectable in the 
extracellular products of potentially patho- 
genic strains and it is possible that this en- 
zyme accounts for the difference in orcinol- 
reactive material found. Even though exten- 
sive autolysis occurred in cultures of non- 
pathogenic staphylococci the electrophoretic 
patterns yielded by them are distinctly less 
complex than those of the potentially patho- 
genic strains. 

The existence of a multiplicity of extracel- 
lular staphylococcal proteins is deducible not 
only from the diversity of biological and bio- 
chemical effects exhibited by cultures and 
culture filtrates(18) but also from the results 
of studies based on an immunological double 
diffusion technic(19) which revealed as many 
as 10 antigens to be associated with the Wood 
46 strain. Using commercial antitoxin pre- 
pared against this strain, staphylococci iso- 
lated from lesions produced, on the average, 
between 6 and 7 lines of precipitate while co- 
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agulase-negative strains formed none. Fur- 
ther work in this direction(20) showed the 
number of lines of precipitate to be directly 
related to mouse virulence. 

The technics used in this investigation per- 
mit detection of as many as 15 diffusible 
products (14 stainable bands and one white 
band) in the case of coagulase-positive 
staphylococci, and the majority of these, 
judging from the patterns of activity shown 
in Fig. 2, do not appear identifiable with pre- 
viously described staphylococcal enzymes 
and toxins. It is notable also that many of 
these proteins are absent from cultures of 
saprophytic strains. The number of strains 
that have been examined is small but the re- 
sults suggest that investigation of the new 
proteins, and possibly those of additional 
strains, may yield information that will help 
elucidate the problem of _ staphylococcal 
pathogenicity. 

Summary. Strains representative of poten- 
tially pathogenic and nonpathogenic staphy- 
lococci were studied with respect to the extra- 
cellular proteins that accumulate in cultures. 
Starch gel electrophoresis of the non-dialyz- 
able substances isolated from culture super- 
nates revealed that 12 to 14 species of pro- 
teins are elaborated by potentially pathogenic 
strains while about half as many were found 
to be associated with nonpathogenic staphy- 
lococci. Additional findings permitted the 
loci of hemolytic and several enzymatic ac- 
tivities to be mapped and compared with 
those of protein. Most of the proteins do 
not appear to be identifiable with previously 
described products of staphylococcal growth, 
and therefore, represent new extracellular 
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substances. Several of these occur consis- 
tently and perhaps exclusively in association 
with potentially pathogenic strains. 
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Effects of Corticoids, Insulin, and Epinephrine on a-Aminoisobutyrate 


Accumulation in Muscle of Adrenalectomized Rats.* 


(26473) 


J. Etcuuorn, M. Fernstern, I. D. K. HatKerston AND O. HECHTER 
Worcester Foundation for Experimental Biology, Shrewsbury, Mass. 


Insulin has been shown to increase the ac- 
cumulation of the ‘“non-utilizable’ amino 
acid, a-aminoisobutyrate (AIB) in vitro in 
diaphragm muscle from intact rats(1) and 
in vivo using functionally nephrectomized, 
hypophysectomized rats(2). Early in the 
present work it was noted that the distribu- 
tion of AIB in muscle of adrenalectomized 
rats after administration of insulin is about 
half of that observed in muscles of intact or 
hypophysectomized rats after insulin. Ac- 
cordingly, the effects of epinephrine, deoxy- 
corticosterone (DOC), and cortisol adminis- 
tration upon muscle AIB accumulation in 
adrenalectomized rats with and without the 
administration of insulin have been studied. 
The results show that corticoids and epine- 
phrine, independently of each other, enhance 
the effect of insulin upon accumulation of 
AIB in muscle of adrenalectomized rats. 

Methods. Intact, hypophysectomized (2 
day), or adrenalectomized (6 day) rats of 
Charles River SD strain, weighing 120-190 g, 
were used. Adrenalectomized rats were main- 
tained with 0.9% saline as drinking water. 
The effect of insulin administration on AIB 
transport was determined in diaphragm and 
gastrocnemius muscle in each of these 3 types 
of animals. Transport of AIB was also 
studied in these muscles of adrenalectomized 


rats in absence and presence of insulin after. 


acute administration of epinephrine, and 
after pretreatment with DOC or cortisol. 
The experimental procedures, described 
previously (2,3), involved functional nephrec- 
tomy under Avertin anesthesia, followed by 
subcutaneous injection of AIB-1-C'™, 1.5-2.5 
pe in 0.3 ml water (Volk, S.A. 2.26 pc/mg). 
DOC and cortisol were suspended in Special 
Formula No. 17874 (Upjohn), and adminis- 
tered subcutaneously to adrenalectomized 
rats under 2 schedules: (a) ‘“‘maintenance- 


type” dosage, 0.8 mg each day for 6 days, 


* This work is supported by U.S.P.H.S., Nat. Sci- 
ence Foundation, and the Commonwealth Fund. 


beginning on day of adrenalectomy with none 
on day of experiment (total, 4.8 mg/rat) ; 
(b) short-term dosage in three injections 
(1.6 mg ea) 6, 4, and 2 hr before sacrifice on 
the 7th day after adrenalectomy (total, 4.8 
mg/rat). 1-epinephrine bitartrate (100 pg/ 
rat, equivalent to 55 »g epinephrine) was in- 
jected subcutaneously to adrenalectomized 
rats immediately after functional nephrec- 
tomy at a site distant from the subsequent 
AIB injection. Each group of rats (intact, 
hypophysectomized, adrenalectomized, and 
adrenalectomized treated with either epine- 
phrine or corticoids) was divided so that part 
received insulin (1U/100 g) intraperitone- 
ally accompanied by 100 mg glucose/100 g 
to prevent hypoglycemia; the remainder of 
each group received 25 mg glucose/100 g as 
a control injection. 


Rats were reanesthetized (Nembutal) 90- 
100 min after AIB injection (which was also 
90-100 min after epinephrine or insulin ad- 
ministration) ; plasma was obtained immedi- 
ately from aortic blood, and tissues (dia- 
phragm and gastrocnemius muscle) were ex- 
cised without delay. ‘Tissues were extracted 
with water at or near 100° for 15 min. The 
diluted (1:50) plasma and tissue extracts 
were plated and counted in a gas flow cham- 
ber. A previous report demonstrates that the 
radioactivity measured in this manner repre- 
sents primarily unchanged AIB(2). Dosage 
of AIB used gave a concentration in plasma 
of 0.1 to 10 pg/ml, which is within the range 
previously found to yield distribution values 
in diaphragm which are relatively indepen- 
dent of alterations in plasma concentration 
(Als 

Results. In Table I, the percentage dis- 
tribution of AIB between tissues and plasma 
is expressed as the ratio, 100 * cpm per g 
wet tissue/cpm per ml plasma. AIB distri- 
butions in both muscles of untreated intact 
rats are significantly higher (p — <.001) 
than those in hypophysectomized or adrenal- 
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TABLE I. Percent Distribution of AIB between Muscles and Plasma of Intact, Hypophysecto- 
mized, or Adrenalectomized Rats, and Influence of Various Hormones. 


cpm/g wet tissue 


AIB: ————————_ X 100 
Hormone treatment* epm/ml plasma 
Tnsulin Other Diaphragm Gastrocnemius 
Intact — L679 S212) (18)F = 93a 6 ain 
+ 385 + 44 (6) 121 +13 (7) 
Hypophysectomized (2 day) —_— 72 + 7 (5) 41 + 3 (5) 
- 420 +110 (16) 102 +13 (5) 
Adrenalectomized (6 day) — 9} = 13512) 9 38s G2) 
+ IEE SS ONG) Bikes aia) 
— Epinephrine EE fame Ube) 55 + 4 (8) 
a a 354 + 36 (9) 99 +12 (10) 
— Cortisol (1-6 day) 154 =e 23°( 10) 59 = So) 
al zs 280 + 30(13) 75 + 8 (13) 
— DOC (1-6 day) 144 + 12 (3) 72 =: 5 (3) 
+ i 497 + 62 (5) 144 +16 (5) 
— Cortisol (7th day) 67 + 4(10) 34-4 3 (10) 
+ ” 147 = 1611), BO 5.42) 
— DOC (7th day) 89 + 10 (6) 39-—+ 4 (6) 
a » 192 + 28 (6) 43 + 5 (6) 


* Dosage of hormone: Insulin, 1 U/100 g body wt; glucose with insulin, 100 mg/100 g; con- 
trol glucose, 25 mg/100 g; epinephrine, 55 y/rat; DOC and cortisol, total of 4.8 mg/rat in di- 


vided doses as deseribed in text. 


t Mean, stand. error, and No. of observations. 


ectomized rats; no significant difference ex- 
ists between the latter two groups. Admin- 
istration of insulin increases AIB distribution 
about 2.5 times in diaphragm of intact rats, 
and 5.8 times in diaphragm of hypophysecto- 
mized rats; the respective increases in gas- 
trocnemius are 1.3 times and 2.5 times the 
control level. In adrenalectomized rats, AIB 
distribution after insulin administration is 
increased 2.1 times in diaphragm, and 1.3 
times in gastrocnemius. While the percent- 
age increase in AIB distribution produced by 
insulin administration in muscle of adrenalec- 
tomized rats is approximately equivalent to 
the response in intact rats, the absolute level 
of AIB distribution achieved in adrenalecto- 
mized rats is about half that in muscle of in- 
tact rats. In hypophysectomized rats, where 
the level of AIB distribution in absence of 
exogenous insulin is statistically equivalent 
to that in untreated adrenalectomized rats, 
insulin increases AIB distribution in both 
muscles to values comparable to those in in- 
tact rats. Exogenous epinephrine alone in the 
dosage used has no effect in diaphragm, but 
slightly increases AIB distribution in gastroc- 
nemius (p = <.02) of the adrenalectomized 


rats. However, when epinephrine is given 
in addition to insulin, the absolute levels of 
AIB distribution in both muscles are in- 
creased significantly above those obtained 
with insulin alone (p = <.001), giving val- 
ues which are not significantly different from 
those after insulin treatment in intact or hy- 
pophysectomized rats. 

‘“Maintenance-type” dosage with either 
cortisol or DOC in absence of exogenous in- 
sulin results in AIB distribution values in 
diaphragm comparable to those in untreated 
intact rats; these corticoids significantly in- 
crease the AIB distribution values in gastroc- 
nemius above the untreated adrenalectomized 
level, but not to that in the untreated intact 
rat. After insulin administration to adrenal- 
ectomized rats treated with either DOC or 


cortisol for 6 days, AIB distributions in dia- — 


phragm are increased to a level which is sta- 
tistically indistinguishable from values ob- 
tained in diaphragm of intact rats treated 
with insulin. However, the absolute level of 
AIB distributions with DOC plus insulin is 
significantly greater in diaphragm than with 
identical doses of cortisol plus insulin (p = 
<.0l). In gastrocnemius, treatment with 
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either corticoid increases the level of AIB 
distribution over the non-treated adrenalec- 
tomized control; as in diaphragm, insulin ad- 
ministration increases the absolute AIB dis- 
tribution values to a significantly greater ex- 
tent in DOC-treated rats than in cortisol- 
treated rats. When given on the “short-term” 
basis, beginning 6 hr before sacrifice, neither 
corticoid elevated the distribution of AIB in 
either muscle in absence or presence of exo- 
genous insulin. 

Discussion. The present study demon- 
strates that, while insulin administration 
produces an increase in AIB distribution in 
muscle of adrenalectomized rats which on a 
percentage basis is equivalent to the insulin- 
induced increase in muscle of intact rats, the 
absolute level of muscle AIB distribution 
after insulin is much reduced in adrenalecto- 
mized rats relative to intact or hypophysec- 
tomized rats. The contrast between the ef- 
fect of insulin in adrenalectomized and hy- 
pophysectomized rats is especially striking, 
since the values obtained in muscles of un- 
treated rats in these 2 groups are about equi- 
valent. Thus, in hypophysectomized rats. 
the response to insulin in muscle is markedly 
increased over adrenalectomized rats both on 
the basis of percentage change after insulin 
and in terms of absolute level of AIB dis- 
tribution achieved. It thus appears that 
presence of the adrenal is required for the 
maximal effect of a given dosage of insulin 
on AIB accumulation in muscle. Either 
epinephrine or maintenance-dosage with cor- 
ticoids, independently of each other, clearly 
enhances the AIB accumulation effect of in- 
sulin in muscle, and it appears that both the 
adrenal cortex and medulla are implicated in 
the lower AI8 distribution observed after 
insulin administration to adrenalectomized 
rats. 

Since exogenous epinephrine augments the 
action of injected insulin to increase muscle 
AIB accumulation in adrenalectomized rats, 
it is possible that the elevated response to 
injected insulin observed in muscle of the in- 


+ In regard to results in hypophysectomized rats, 
it cannot be assumed that residual actions of pitui- 
tary hormones, particularly somatotrophin, were en- 
tirely absent in 2-day hypophysectomized rats. 
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tact and hypophysectomized rats relative to 
adrenalectomized rats is dependent in part 
upon the release of endogenous epinephrine 
induced by operative stress and/or insulin 
administration. Noall et al.(6) report a 
tendency for epinephrine to increase AIB ac- 
cumulation in “muscle” of adrenalectomized 
rats, but the effect was not statistically sig- 
nificant. Because it might be expected that 
injected epinephrine would stimulate release 
of endogenous insulin, the question arises as 
to why epinephrine injected alone did not 
produce an “insulin effect” in muscle of 
adrenalectomized rats. This may be due to 
the fact that the hyperglycemic response to 
epinephrine, important for endogenous insu- 
lin release, is much reduced in rats following 
adrenalectomy (4,5). 

In regard to the role of corticoids, it ap- 
pears that long-term treatment of adrenalec- 
tomized rats with a glucocorticoid, cortisol, 
is less effective than is treatment with a min- 
eralocorticoid, DOC, in restoring the ability 
of muscle to respond to insulin in terms of 
AIB accumulation against an apparent gra- 
dient. These effects of corticoids on AIB 
transport appear to be indirect, since short- 
term corticoid treatment did not enhance 
AIB uptake in adrenalectomized rats, with or 
without exogenous insulin. Since DOC, and 
to a lesser extent, cortisol, affect electrolyte 
metabolism, the findings suggest that main- 
tenance of a suitable ionic balance between 
cells and plasma may have an important in- 
fluence upon the process by which AIB is 
accumulated in muscle, and that the lower 
accumulation of AIB observed in the adrenal- 
ectomized rat after insulin administration 
may be related to the high plasma K* level 
characteristic of this type animal. This sug- 
gestion is in accord with in vitro studies, 
which indicate that high K* levels in the 
medium inhibit glycine transport into iso- 
lated diaphragm, and also that ionic shifts 
are associated with active transport of sev- 
eral amino acids (cf. 7). In the present study, 
plasma |K*] in adrenalectomized rats (5.85 
+ 0.36 «»M/ml n = 18) is higher than in 
intact rats (3.74 + 0.05 »M/ml n = 4), 
or in rats hypophysectomized for 2 days 
Groen se 10.155 ni == "4), ‘Administration of 
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epinephrine to adrenalectomized rats, shown 
to augment muscle AIB accumulation after 
insulin, significantly reduces the elevated 
plasma |K*| of adrenalectomized rats to 
4.50 + 0.28 (n = 4), but 6 hr pretreat- 
ment with either DOC or cortisol, which 
had no effect on muscle AIB_ response 
to insulin, did not reduce plasma K concen- 
tration. Values for other treatments were 
not obtained, but these preliminary observa- 
tions indicate that the relationship of plasma 
| K*] to the insulin-induced increase in mus- 
cle AIB accumulation merits further study. 

Independent of the foregoing, the results 
of this study suggest that epinephrine and 
corticoids may play a “permissive” or ‘‘sup- 
portive” role, in the sense proposed by Ingle 
(8), in the response of muscle to insulin 
with respect to AIB transport. 

Summary. The distribution of AIB in 
vivo in diaphragm and gastrocnemius muscle 
of intact, hypophysectomized, and adrenalec- 
tomized rats has been examined with respect 
to the effect of insulin and epinephrine and 
corticoids. Adrenalectomy, but not hypo- 
physectomy, impairs the ability of insulin to 
increase the accumulation of AIB in muscle 
to the level observed after insulin in intact 
rats. Epinephrine alone has slight effect on 
muscle AIB in adrenalectomized rats, but 
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concurrent administration of epinephrine and 
insulin to adrenalectomized rats restores AIB 
distribution nearly to the level observed in 
adrenal-intact rats receiving insulin. Mainte- 
nance treatment of adrenalectomized rats with 
either DOC or cortisol resulted in normal 
AIB distributions in diaphragm and both cor- 
ticoids, especially DOC, also enhance the 
AIB accumulation response to insulin. The 
suggestion emerges that these hormonal ef- 
fects on AIB accumulation may be related to 
alterations in electrolyte metabolism. 


1. Kipnis, D. M., Noall, M. W., Biochim. et Bio- 
phys. Acta, 1958, v28, 226. 

2. Eichhorn, J., Scully, E., Halkerston, I. D. K., 
Hechter, O., Proc. Soc. Exp. Broz. AND MeEp., in 
press. 

3. Eichhorn, J., Halkerston, I. D. K., Feinstein, 
M., Hechter, O., zbid., 1960, v103, 515. 

4. Collip, J. B. Thomson, D; L.,. Toby, (Gea 
Physiol., 1936, v88, 191. 

5. de Bobo, R. C., Bloch, H. I., Gross, I. H., Am. 
J. Physiol., 1942, v137, 124. 

6. Noall, M. W., Riggs, T. R., Walker, L. M., 
Christensen, H. N., Science, 1957, v126, 1002. 

7. Christensen, H. N. Amino Acid Metabolism, 
Ed. W. D. McElroy and B. Glass, Johns Hopkins 
Press, Baltimore, 1955, p63. 

8. Ingle, D. J., J. Endocrinol., 1952, v8, xxxiii. 


Received January 10, 1961. P.S.E.B.M., 1961, v106. 


Effect of External Cooling of the Leg on Muscle Intracellular Water 


and Potassium.* 


(26474) 


R. KLEIN AND PATRICIA USHER 


Children’s Hospital of Pittsburgh and Department of Pediatrics, University of Pittsburgh Medical 
School 


Patients with the hyperkalemic form. of 
familial periodic paralysis become paralyzed 
upon exposure to a cold environment(1,2). 
Localized paralysis of the arm has been pro- 
duced in experiments with these same pa- 
tients by swathing the forearm in ice packs 
for % hour(3,4). We have postulated that 
in this disease there is an exaggeration of. the 
normal flux of potassium from the intracellu- 


* This work was supported by Grant from Nat. 
Inst. Health, U.S.P.HS. 


lar into the extracellular fluid and an inhibi- 


tion of the normal return of potassium into. 


the intracellular fluid. Muscle biopsies from 
one of these patients demonstrated an ele- 
vated intracellular water concentration and 
a depression of intracellular potassium con- 
centration, but no direct evidence was ob- 
tained that potassium moved out of the mus- 
cle when paralysis was produced by external 
application of cold. The present studies were 
carried out to test the hypothesis that intra- 
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TABLE I. Water and Na, K, Cl Content of Leg Muscles after External Cooling of Leg. 


H.0q), Na Kk Cl Na K 
ml r meq =) meq/1 (H,;0);— 
———— 100 ¢g of dry fat-free solids- ——, 
Control (38 rats) 276.0 + 2.72* 95+.29 48.0+.31 5.0 +.11 94+.86 173.4 + 1.85 
Exp. (30 rats) 284.6 + 2.38 TOW =E.26 46:7 2.36 5.4 16 94>+.66 164.3 — 2.19 
Significance of p <.01 Dal p <.01 p <.05 pL 1) <A 


difference 


* + stand. error of mean. 


cellular potassium concentration diminishes 
in the muscle of a locally cooled leg of the 
intact animal. 

Methods. White, male rats were anesthe- 
tized with intraperitoneal pentobarbital, and 
the right hand leg was held immersed in a 
Petri dish containing acetone and ice for 30 
minutes. Control rats were similarly anes- 
thetized and immobilized, but the leg was 
immersed in a Petri dish containing only 
tepid water. The tests were carried out on 
groups of 6 to 8 control, and 6 treated ani- 
mals. After 30 minutes of cold immersion, 
the middle portion of the rectus femoris mus- 
cle was removed, dried on filter paper and 
placed in tared crucibles for weighing. After 
the wet weights had been obtained, the mus- 
cles were dried in an oven at 105°C until 
constant dry weights were obtained. The dry 
muscle was pulverized. The fat of the dried 
muscle was then extracted with petroleum 
and ethyl ether. The ether was discarded 
and the muscle residue once more dried in 
the oven at 105°C. The muscle was re- 
weighed to obtain the weight of the fat re- 
moved and the residue then dissolved in 2 ml 
of 0.75 N nitric acid. From this, aliquots 
were taken for sodium, potassium and chlor- 
ide analysis. Sodium and potassium deter- 
minations were performed using a flame pho- 
tometer with an internal lithium standard. 
Chloride determinations were made with the 
Cotlove Chloridometer. Muscles from con- 
trol animals were treated in the same fashion. 
Muscles were also removed for analysis from 
the left hind limbs of 19 of the animals whose 
right hind limb was chilled. No exact meas- 
urements of muscle temperature were made. 
At the end of experiment the temperature of 
the cold bath with the immersed right hind 
limb was 0-3°C. When exposed, the cold 


muscles were of normal color and appearance 
and of normal contractility when cut. 

Chloride in the tissue was used as an indi- 
cator of extracellular water in our computa- 
tions. The hazards of this calculation are 
recognized. However, any increase in intra- 
cellular chloride in the cooled muscles would 
accentuate the differences. 

Results. The data recorded in Table I 
show that the muscles from the 38 control 
animals contained an average of 276.0 + 
2.72 ml (SEM) of intracellular water per 
100 g of dry fat free solid. Mean intracellu- 
lar water content of muscles from the chilled 
legs was 284.6 + 2.38 ml (SEM) per 100 g 
of dry fat free solid. This difference was sig- 
nificant at the 99% level of confidence. Mean 
potassium concentration in control muscles 
was 173.4 + 1.85 meq/l of intracellular 
water, whereas in the 30 muscles from limbs 
exposed to cold, mean potassium concentra- 
tion per liter of intracellular water was 164.3 
+ 2.19 meq. This difference and that be- 
tween potassium concentrations per 100 g of 
dry fat free solids were also significant at the 
99% level of confidence. The sodium per 
100 g of dry fat free solids was insignificantly 
lower in control muscles than in muscles ex- 
posed to cold. Concentration of sodium in 
intracellular water in the 2 groups of muscles 
did not differ. Intracellular water concen- 
tration and concentration of potassium per 
liter of intracellular water in the muscles ob- 
tained from the limb opposite the cooled ex- 
tremity in the experimental animals were 
measured only for the first 19 animals since 
it was impracticable to prevent some chilling 
of the left hind limb as well as the right hind 
limb and it was impossible to determine the 
extent of this chilling. In these 19 muscles, 
mean intracellular water concentration was 
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283 ml/100 g of dry fat free solids. There 
were 170 meq/k per liter of intracellular 
water. 

Discussion. Interpretation of these find- 
ings is complicated by possible variations in 
blood flow in the cooled hind leg and the 
stressful nature of the procedure. However, 
the conditions employed for the experiment 
reproduced as closely as possible those used 
in production of localized paralysis in pa- 
tients with hyperkalemic familial periodic 
paralysis. In the latter experiments, the fore- 
arm was swathed with ice bags for 30 minutes 
and paralysis was produced(3,4). In these 
experiments with rats, the changes in water 
and potassium concentration of the muscles 
demonstrated are analogous to those previ- 
ouly posulated for the patient with hyper- 
kalemic familial periodic paralysis. Thus, 
water enters the muscle cell, significantly in- 
creasing water content in relation to dry 
solids of muscle. Presumably, sodium ac- 
companies the water since there is no change 
in sodium concentration per liter of intracel- 
lular water. Concentration of potassium per 
liter of intracellular water in muscles of the 
limb exposed to cold becomes significantly 
decreased. No measurements have been made 
of muscle water and potassium in patients 
with hyperkalemic familial periodic paralysis 
after exposure to cold. Under other circum- 
stances, however, muscle specimens obtained 
at biopsy from these patients have been 
shown to contain an increased quantity of 
intracellular water and a depression of po- 
tassium concentration per liter of intracellu- 
lar water(3,4). 

Published reports of intracellular potas- 
sium changes during hypothermia have been 
conflicting. Spurr, Swan, and Taylor found 
no decrease in cardiac muscle potassium in 
the hypothermic animal and at times demon- 
strated actual increases in potassium concen- 
tration(5,6,7) but Taylor found decreases in 
skeletal muscle potassium although Renkin 
did not(7,8). On the other hand, Gollan re- 
ported decreases in concentration of potas- 
sium in both cardiac and skeletal muscles in 
hypothermic animals(9). Finally, Beavers 
has reported an increase of potassium con- 
centration in cardiac muscles, but a decrease 
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in skeletal muscle in animals undergoing hy- 
pothermia(10). He demonstrated an_ in- 
creased intracellular water concentration in 
both cardiac and skeletal muscles in these 
animals. All observers have agreed that 
plasma concentration of potassium is lowered 
during hypothermia (as it was with local hy- 
pothermia in patients with hyperkalemic fa- 
milial periodic paralysis). Many of the dif- 
ferences have resulted from in vitro as op- 
posed to im vivo experiments or immersion as 
opposed to perfusion chilling, etc. Our data 
on potassium and water content of skeletal 


muscle from a chilled leg of a rat show the 


same deviation from control values that Bea- 
vers found in animals made totally hypo- 
thermic. It cannot be stated whether the 
smaller changes seen in muscles of the oppo- 
site leg were produced by locai hypothermia 
of this limb as well or by cooling elsewhere. 
It is also impossible to state whether the 
changes were a direct effect of cooling or 
were secondary to diminished blood supply 
and possible anoxia. Nevertheless, the results 
of this study are consistent with the hy- 
pothesis that local exposure of a leg to cold 
is associated with an increase in that limb in 
muscle intracellular water and a decrease in 
muscle potassium concentration without 
measurable change in sodium concentration. 
These findings are not inconsistent with the 
previous postulations concerning patients 
with hyperkalemic familial periodic paralysis. 
If these postulations are correct, it would be 
expected that the changes in such patients on 
exposure to cold would be of greater magni- 
tude than those demonstrated in normal rats. 

Since intracellular content of potassium in 
muscle decreases at the same time that extra- 
cellular potassium concentration falls (with- 
out demonstrable increase in extracellular 
volume) the potassium content of another 
tissue or compartment must increase with 
hypothermia. The two obvious areas to be 
considered first are the viscera, particularly 
the liver, and the bones. Although this ques- 
tion must still be investigated further, we 
think that the bones are not the most likely 
site of potassium gain, because in the previ- 
ously described human experiments the meas- 
urements of A-V differences in the forearm 
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should have involved bones as well as soft 
tissues(4). Unfortunately, these data are 
capable of other interpretations. Attempts 
to demonstrate increased potassium content 
in rat liver have not been successful. 

Summary. Measurements were made of 
muscle intracellular water, potassium and so- 
dium concentrations in 2 groups of rats. The 
right hind limb of the experimental animals 
was immersed in a bath of acetone and ice, 
the right hind limb of the control animals in 
a bath of tepid water. Exposure of the leg 
to external cooling was associated with an in- 
crease in intracellular water in the muscles 
of that leg and a decrease in potassium con- 
centration per liter of intracellular water. 
There was no difference in sodium concentra- 
tion in the muscles from the chilled extrem- 
ity from that of the control muscles. 
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N. Ercorr (With the Assistance of Rose Marie Fink) 


Dept. Experimental Therapeutics, Instituto Venezolano de Investigaciones Cientificas, 
Caracas, Venezuela 


The majority of experimental studies on 
antileishmanial drugs were conducted on vis- 
ceral leishmaniosis. The method most fre- 
quently used for testing chemotherapeutic 
agents is that recommended by van Dyke 
and Gellhorn(1) using hamsters infected in- 
traperitoneally with L. donovani. Stauber 
et al.(2,3) recently described a method 
which permits rapid completion of the test 
by counting the number of organisms in liver 
impression smears 8 days after a heavy in- 
tracardial inoculation with ZL. donovani. 

Being interested in the therapy of the cu- 
taneous forms we utilized an infection to 
which the mouse is quite susceptible, ob- 
tained with a strain of L. brasiliensis from a 
clinical condition—-leishmaniosis tegumen- 
taria diffusa—described by Convit(4). In 
man, this infection attacks the entire skin 
surface and resembles lepromatous leprosy. 
The disease does not affect the viscera and 
mucous membranes, though it sometimes in- 
duces a slight infiltration around the lower 


nasal septum. The cutaneous lesion is 
formed “by a specific granuloma composed of 
large macrophages, which are practically 
full of parasites in their highly vaculated pro- 
toplasm”(5). Mayer, Convit and Pifano(6) 
have experimentally investigated the infec- 
tion and induced lesions on the caudal zone 
of the back in mice, first in ulcerative, later 
in nodular form, with an impressive abun- 
dance of parasites. Pifano(7) in a geo- 
graphical distribution study concludes that 
the American tegumentary leishmaniosis is 
formed by various sub-entities (espundia, 
uta, ulcera de los chicleros), one of them be- 
ing represented by the leproid form consid- 
ered here. Interestingly enough, the intra- 
dermal Montenegro test with phenolated sus- 
pensions of L. brasiliensis(8) remained nega- 
tive only in the latter clinical manifestation 
(56). 

The possibility to follow accurately the 
effect of the treatment by gross and micro- 
scopic observation of the mouse infected with 
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this strain, gives to each individual experi- 
ment the value of a case history. We pre- 
sent here our findings concerning the action 
of drugs which have been found effective in 
L. donovani infections, namely tri- and pen- 
tavalent antimonials, Hydroxy-stilbamidine, 
the antibiotics Fungizone and Fumagillin.* 

Materials and methods. A strain isolated 
from a chronic clinical case, carried through 
mice for a number of years by Prof. Pifano, 
has been used for investigation. In the early 
part of our experiments, ca. 0.1 cc of exudate 
taken from a heavily infected lesion was in- 
jected with a Pasteur pipette subcutaneously 
into the caudal zone of mice; later, finely cut 
saline suspensions of nodules were injected 
with syringe. In this way, up to 60 mice 
could be infected with a nodule suspension, 
dense in parasites, obtained from one donor. 
The take of the infection varied from 51 to 
100% in different experiments. The infec- 
tion developed after 1 to 3 months in 52%, 
3 to 5 months in 32%, 6 to 9 months in 13% 
and 10 months or more in 3% of 159 mice. 
In 3 mice the infection was first visible 320 
to 350 days after inoculation. 

For treatment, animals with well developed 
lesions, rich in parasites, were selected: they 
were observed macroscopically and by pre- 
paring stained smears of the material aspired 
from the lesion. 

Results. Tartar emetic in daily subcutane- 
ous doses of 15 mg/kg, given 52 to 82 times, 
induced no changes in 5 mice. Similarly, 2 x 
50 mg/kg i.p. remained ineffective in a mouse 
which died after 10 days. Antimony trisul- 
fide, given daily in 150 and 500 mg/kg oral 
doses induced after the first treatments mor- 
phological variations of the leishmania, which 
appeared larger and granulated in both cases. 
Besides, significant transitory decrease of the 
parasites was encountered in the mouse treat- 
ed with the 150 mg/kg dose; however, dur- 
ing the treatment period the parasite number 
increased and stayed at pretreatment value 
after 33 administrations. Faadin induced in 


R. B. Hasbrouck of Abbott Laboratories for Fuma- 
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2 mice, after the second subcutaneous treat- 
ment with 50 mg/kg, a temporary reduction ~ 
in number of leishmania with morphological 
changes consisting in disappearance of nu- 
cleous and/or blepharoplast and presence of 
cytoplasmatic granules in preparations 
stained with Wright-Giemsa. Yet, by con- 
tinuing treatment, with 100 mg/kg daily, the 
organisms reacquired their normal shape and 
the lesion was larger than initially after the 
32nd treatment. Hydroxy-stilbamidine was 
given 14 times in daily doses of 12.5 mg/kg 
(i.p.) to 4 mice. In 3 animals no effect re- 
rulted (in fact, in 2 of them the lesions were 
larger after treatment), while in 1 out of 4 
the lesion decreased and no parasites were en- 
countered after 4 months. Fungizone, 20 mg/ 
kg daily (i-p.), given for 14 days, showed no 
activity in 4 mice, nor did 2 mice injected in- 
travenously with 17 mg/kg 3 respond to 
treatment. Fumagillin, injected intraperi- 
toneally 14 times, in daily doses of 300 mg/ 
kg, induced no effect in 3 out of 4 animals. 
In a fourth, the caudal lesion disappeared 
after 5 months, to reappear 8 weeks later. 
Sodium-stibogluconate (Pentostam), given 
intraperitoneally in 19 daily doses of 75 mg/ 
kg did not influence the lesions of 3 mice, 
which became even more extensive during 
this treatment period. After an additional 
treatment course of 5 & 100 mg/kg the no- 
dules started to decrease, but fully redevel- 
oped within 3 months. Antimoniate of N- 
methyl-glucamine (Glucantime) in 4 mice 
treated subcutaneously, twice daily with 500 
mg/kg, a total of 52 times, reduced the di- 
ameter of the nodules from 0.3-0.6 cm to 0.1 
cm. In 2 of the mice the nodules increased 
again 3 months after cessation of treatment, 
and a secondary lesion of the foreleg devel- 
oped in one of them. Four mice were treated 
13 times with 1000 mg/kg daily: the larger 
ulcerated lesions of 2 mice remained un- 
changed, while in 2, with similar nodules, the 
lesion continued to increase (from 0.1 to 0.6 
cm diameter). Six treatments with 1000 mg/ 
kg daily showed no effect in 3 out of 4 mice, 
while the lesion disappeared temporarily in 
one and relapsed after 3 months. One of 2 
mice treated 22 times with 500 mg/kg daily 
did not respond to treatment; in the other 
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the initial lesion was not visible 2 weeks after 

the last subcutaneous injection, but a secon- 
dary lesion rich in leishmaniae appeared in 
the right hind leg 10 weeks later. In mouse 
No. 52, treated twice with 1000 mg/kg, the 
parasite count lowered within 6 days and the 
lesion disappeared within 4 weeks, but a sec- 
ondary lesion in the left foreleg appeared 2 
months later. The only animal completely 
cured was another treated with the same dos- 
age: the initial lesion, containing 1000 para- 
sites/field in the exudate smear (400), dis- 
appeared completely 10 days after the second 
injection. 

Conclusions. It would appear from the ex- 
perimental findings that Fungizone, Fumagil- 
lin and MHydroxy-stilbamidine, — effective 
against L. donovani, possess no action against 
the strain of L. brasiliensis obtained from a 
patient affected with leishmaniosis tegumen- 
taria diffusa, employed for the cutaneous in- 
fection of mice. Jn vitro, Fungizone showed 
a high leishmanicidal action (0.01 pg/cc) on 
a strain of L. brasiliensis studied by Furtado 
et al.(9). Prolonged treatment with penta- 
valent antimonials, Pentostam and Glucan- 
time, induced temporary decrease of the 
parasite number in the exudate, occasionally 
a transitory regression of the lesion, but defi- 
nitely no curative effect. The lesion in most 
cases reappeared on the initial (caudal) site 
of the inoculation and exceptionally in an- 
other zone, in the legs. The temporary ac- 
tion observed was very clear cut and proves 
the value of the method for a search of drugs 
acting more specifically on this infection, or 
possessing, in a more general sense, a differ- 
ent strain specificity than the known agents. 
In some cases morphological variations were 
noted in the early period of treatment (Fig. 
1). The significance of these changes is un- 
der investigation. There is a parallelism be- 
tween clinical and experimental results, since 
according to the experience of the clinicians 
antimonials give only a temporary regression 
or diminution of symptoms. In conclusion, 
one can state that the effect of the presently 
known antimonials with antileishmanial ac- 
tion in this particular form of cutaneous in- 
fection is limited to a temporary effect on the 
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FIG. 1. Smears from local lesions of mice. In A, 
normal appearance of leishmania. In B, disappear- 
ance of blepharoplast and in C, cytoplasmatic gran- 
ules after 2 treatments with 50 mg/kg (s.c.) 
Fuadin. In both cases these changes were tempo- 
rary; the parasite reacquired its usual form during 
successive treatment with an increased dosage (100 
mg/kg X 29). 


lesion, or a transitory clearing without cura- 
tive action. 

Summary. The cutaneous infection of 
mouse obtained with a strain of L. brasilien- 
sis causing in man the leproid form represents 
a suitable test for chemotherapeutic investi- 
gation. The infection has not been influenced 
by the antibiotics Fungizone and Fumagillin 
recently reported to possess antileishmanial 
action against L. donovani(10). A limited 
effect followed administration of pentavalent 
antimonials, consisting in a drop of the para- 
site number in the exudate and a temporary 
regression of the lesion, without indication 
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for curative action. Thus, the drug sensitiv- 
ity of the strain is totally different from the 
ones studied so far, which offers the possibil- 
ity to reveal agents with a different strain 
specificity than the known ones. 
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Deletion of Serine Dehydrase and Cystathionine Synthetase Activities 
During Azo-Dye Carcinogenesis. 


Donatp E. KizErR anD DANE EUGENE LacrEy* (Introduced by Thomas A. McCoy) 
Biomedical Division, The Samuel Roberts Noble Foundation, Inc., Ardmore, Okla. 


The Novikoff hepatoma, a tumor induced 
in rat liver using 4-dimethylaminazobenzene 
(DAB) (1), was reported to be essentially 
devoid of serine dehydrase activity(2). Re- 
cently, Selim and Greenberg(3) reported 
that a purified protein from rat liver exhibit- 
ed both serine dehydrase and cystathionine 
synthetase activities. The authors suggested 
that their data indicated both activities were 
exhibited by a single enzyme(3). Assuming 
this suggestion to be correct, and further as- 
suming that the enzymatic constitution of 
transplanted lesions of hepatic origin repre- 
sented multiple deletions during hepatocar- 
cinogenesis(4,5), it was reasonable to expect 
that cystathionine synthetase would also be 
essentially absent in the Novikoff hepatoma. 
It was the purpose of this investigation to 
determine (a) whether both serine dehydrase 
and cystathionine synthetase activities were 
absent in several transplanted hepatomas and 
(b) whether both enzyme activities were al- 
tered during hepatocarcinogenesis with 3/- 
methyl-4-dimethylaminoazobenzene (3’-Me- 
DAB). 

Materials and methods. 


The manner in 
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which transplanted hepatomas were carried, 
precancerous liver tissues were obtained, and 
primary lesions were induced with 3’-Me- 
DAB have been previously described(6-8). 
Pyruvic acid formation, determined by the 
method of Friedemann and Haugen(9), was 
used as the criterion for assaying serine de- 
hydrase activity of tissue homogenates, while 
serine utilization, determined by the perio- 
date oxidation method of Frisell eé al.(10), 
was used to assay cystathionine synthetase 
activity. The chromogen formed from chro- 
motropic acid and formaldehyde was meas- 
ured at 570 my and compared to an appropri- 
ate standard curve constructed with L-ser- 
ine. All optical density measurements were 
made using a Bausch and Lomb Spectronic 
20 Colorimeter. 


Direct estimation of cystathionine was 
achieved by one dimensional paper chroma- 
tography(11) using n-butanol, acetic acid 
and water (60:15:25) as the solvent system. 
Known compounds and supernatants ob- 
tained by centrifugation of reaction mixtures 
treated with 10% trichloroacetic acid (TCA) 
were spotted on 47 cm & 57 cm sheets of 
Whatman No. 3 paper and subjected to des- 
cending solvent flow. Following partition, 
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color was developed using 0.25% ninhydrin 
in acetone(12). 

Livers from 3 animals were finely minced 
with scissors and washed with 1.2% postas- 
sium chloride (KCl) containing 5 &* 10° M 
ethylenediaminetetraacetate (EDTA). Suffi- 
cient tissue (wet weight) was added to KCI- 
EDTA solutions to yield a 40% homogenate. 
Tumor tissues were freed of gross necrotic 
areas and connective tissue elements and 
were homogenized in a similar manner. The 
Novikoff ascites cells were occasionally ex- 
posed to 15 second sonic oscillation to ensure 
complete cell disruption. 

Cystathionine synthetase activity was de- 
termined by adding 1 ml of the 40% homoge- 
nate to 3 ml of a reaction mixture containing 
0.04 M DL-homocysteinet, 0.033 M L-ser- 
ine, 3.2 < 10° M EDTA, < 10° M pyri- 
doxal phosphate and 1.3 « 10° M 2,3-di- 
mercaptopropanol. The total volume of the 
incubation mixture was brought to 6 ml by 
addition of 2 ml of 0.2 M borate buffer, pH 
8.5. Reaction mixtures were incubated 1 hour 
at 38°C under 95% nitrogen 5% COs. Syn- 
thetase activity was determined by the 
amount of serine utilized with appropriate 
corrections for non-enzymatic serine utiliza- 
tion and conversion to pyruvate. The unit 
of cystathionine synthetase activity was de- 
fined as pmoles serine utilized/mg protein/ 
60 minutes incubation. Protein was deter- 
mined by the method of Lowry e¢ al.(13). 

Serine dehydrase activity was assayed by 
diluting 40% homogenates with KCI-EDTA 
to yield an 8% homogenate (wet weight/vol- 
ume) and 1 ml of the diluted homogenate 
was added to the incubation mixture. The 
incubation mixture was identical with that 
used for assay of cystathionine synthetase ex- 
cept that DL-homocysteine was deleted. To- 
tal volume of reaction mixtures was 3 ml and 
incubation period was 20 minutes at 38°C 


+ Sources were as follows: L-Serine, H. and M. 
Chemical Co.; Pyridoxal phosphate, Sigma Chemical 
Co.; DL-Homocysteine thiolactone, California Cor- 
poration for Biochemical Research. The thiolactone 
was converted to DL-homocysteine by adjusting an 
aqueous solution to pH 8.8 with 3 N NaOH just 
prior to its addition to the enzyme assay reaction 
mixture. 
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under 95% nitrogen 5%CO,. The unit of 
serine dehydrase activity was defined as p- 
moles pyruvate produced/mg _ protein/20 
minutes incubation. Under conditions de- 
scribed, linear pyruvate formation was ob- 
served through 30 minutes incubation and 
protein concentrations of 4-6 mg/ml through 
20 minutes. Cystathionine synthetase activ- 
ity yielded linear reaction velocities for 90 
minutes and a protein concentration of 10-14 
mg/ml for 60 minutes incubation. Experi- 
ments in which the pH of both systems was 
varied indicated agreement with the reported 
optimum of 8.2-8.3(3). 

Results. Serine dehydrase and cystathio- 
nine synthetase activities of rat liver, trans- 
planted hepatomas and primary hepatomas 
were determined. The data are shown in 
Table I. None of the hepatomas, either trans- 
planted or primary, had detectable amounts 
of either serine dehydrase or cystathionine 
synthetase activity. On the other hand, both 
enzyme activities were readily demonstrated 
in normal liver, livers from animals main- 
tained on the semi-synthetic diet and liver 
tissue adjacent to primary lesions. When tu- 
mor homogenate was added to liver homoge- 
nate no significant alteration in either en- 
zyme activity was observed. Furthermore, 
neither enzyme activity was activated in tu- 
mor homogenates by addition of liver ho- 
mogenates or a boiled extract of liver ho- 
mogenate. 


Since the assay for cystathionine synthe- 
tase activity was dependent upon estimating 
the amount of serine utilized, further valida- 
tion of cystathionine synthetase activity 
seemed advisable. When TCA extracts of in- 
cubation mixtures were subjected to paper 
chromatography(11) data as shown in Table 
II were obtained. Although liver homoge- 
nates consistently yielded evidence of cysta- 
thionine synthesis, no evidence of synthesis 
was observed with any of the transplanted 
hepatomas. Thus, these data (a) confirmed 
the previous observation that serine dehy- 
drase was absent in the Novikoff hepatoma 
(2) and extended this observation to include 
other tumors of hepatic origin, and (b) 
showed that tissues lacking dehydrase activ- 
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TABLE I. Serine Dehydrase and Cystathionine Synthetase Activities of Normal Rat Liver, 
Transplanted Hepatomas and Primary Hepatomas, 


Enzyme activity” 
Cystathionine 


Serine dehydrase synthetase 
Tissue (units) (units) 

Livert (9) +t 1.01 + .10§ (5) 30 + .05 

veel (3) 43 + .04 (3) oth 
Novikoff hepatoma (3) 0 (4) 0 
a ee (ascites form) (3) 0 (3) 0 
3’-Me-DAB hepatoma (3) 0 (3) 0 
Primary a (8) 0 (3) 0 

Liver tissue adjacent to primary (3) .o2 + .06 (3) fel teas alee) 

lesions 


Conditions: For enzyme assays see text. 


* Units: Serine dehydrase, wmoles pyruvie acid formed/mg protein/20 min.; cystathionine 
synthetase, wmoles serine utilized/mg protein/60 min. 


+ Animals maintained on Rockland chow diet. 


¢ No. of experiments. For each experiment tissues from 2 to 3 animals were pooled. 


§ Stand. dev. 


|| Animals maintained on semi-synthetic, riboflayin-deficient diet for 12 wk. 


ity also lacked cystathionine synthetase ac- 
tivity. 

The absence of either serine dehydrase ac- 
tivity or cystathionine synthetase activity in 
primary hepatomas (Table I) indicated the 
loss of these enzyme activities during hepa- 
tocarcinogenesis with 3’-Me-DAB.  There- 
fore, it was important to determine whether 
these losses occurred in precancerous liver. 
Activity of these enzymes in livers of ani- 


mals fed 3’-Me-DAB for 0, 4, 8 and 12 weeks 
was compared to the activity of animals in- 
gesting the basal diet (Table III). After 4 
weeks on 3’-Me-DAB both serine dehydrase 
and cystathionine synthetase activity dropped 
sharply, however, by the 8th week activity 
had returned to normal or higher levels. At 
12 weeks values approximated those observed 
in basal diet animals and values observed for 
liver tissue adjacent to primary lesions. Sub- 


TABLE IT. Paper Chromatography of Reaction Mixtures for Assay of Cystathionine synthe- 
tase Activity.* 


Position of ninhydrin 
positive compoundst 


Ry values 


L-cystathionine 
L-homocysteine 
L-serine 


Reaction mixture for cystathionine synthetase 
activity with: 

Liver homogenate 

Novikoff ascites homogenate 


Novikoff homogenate 


3’-Me-DAB hepatoma homogenate 


No incubation 
60 min, ineubation 


No ineubation 
60 min, incubation 


No ineubation 
60 min, ineubation 


No ineubation 
60 min, ineubation 


(4)¢ 098 + .0039 

(2) LOSS. 006 
(3) 203 + .004 
(2) 205 + .020 
(2) 096 + 019 210 = .025 
(2) .216 + .008 
(2) 216 + .019 
(2) 204 + .021 
(4) 205 + .013 
(2) 204 + .021 
(2) 215 + .020 


* Solvent system, n-butanol: acetic acid : water (60:15:25). 
+ Color developed by .25% w/v ninhydrin in acetone. 


{ No. of experiments. 
§ Stand. dey. 
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TABLE III. Comparison of Serine Dehydrase and Cystathionine Synthetase Activities of Rat 
Liver during Carcinogenesis with 3’-Methyl-4-dimethylaminoazobenzene, 


Serine dehydrase 


Hnzyme activity* 


Cystathionine synthetase 


Time, wk Basal 3’-Me-DAB Basal 3’-Me-DAB 
0 (3)t .60 + .08t (3) 26 + .09 (3) 
4 (3) .42 + .06 (3) 228 =: 12 @) sie Se 12. (3) .02 + .41 
8 (3) .40 + .08 (3) .96 = .27 (ah) oll) ce Ne) G) i eS ol 
12 (38) 43° = .04 (3) © 42 +.03 (8) .25 = 18 (3) - .26 = .04 


Conditions: For enzyme assays see text. All animals were conditioned on basal diet 7 days 
prior to start of experiment. 3’-Me-DAB concentration was 0.06%. 
_* Units: Serine dehydrase, ymoles pyruvate formed/mg protein/20 min. ineubation; eysta- 
thionine synthetase, ~moles serine utilized/mg protein/60 min. incubation. 
t No. of experiments. For each experiment tissues from animals were pooled. 


¢ Stand. dev. 


sequent experiments in which 4’-fluoro-DAB}, 
DAB, 2’-methyl-DAB or 4’-methyl-DAB 
were fed to animals for 4 weeks, activity loss- 
es with both enzymes approximated those ob- 
served at 4 weeks with 3’-Me-DAB. Since 
these azo dyes differed markedly in their abil- 
ity to induce lesions(14), it appeared that 
the early losses in both enzyme activities 
were not associated with carcinogenesis per 
Se: 

Throughout the present study, under con- 
ditions which led to alteration or loss of ser- 
ine dehydrase activity, a similar alteration 
or loss of cystathionine activity was observed. 
Although these similarities could have been 
due to other factors, the data supported the 
contention that the conversion of serine to 
pyruvate and the condensation of serine and 
homocysteine to form cystathionine were re- 
actions catalyzed by a single enzyme(3). 

Since conversion of homocysteine to cys- 
teine is mediated by cystathionine synthe- 
tase(3) and cystathionase(15), absence of 
cystathionine synthetase activity may ac- 
count for the inability of homocysteine to re- 
place cystine in the im vitro growth of the 3’- 
Me-DAB hepatoma(16). A similar inability 
to replace the cysteine requirement with ho- 
mocysteine was reported for chick embryonic 
heart fibroblast cultures(17), however, Eagle 
(18) reported that in cultures of human cell 
strains, homocysteine was utilized for cys- 
teine synthesis. It was subsequently shown 
(19) that the apparent homocysteine-cys- 
teine interconversion was due to mobilization 


¢t DAB refers to 4-dimethylaminoazobenzene. 


of cysteine residues bound to the serum com- 
ponent of the medium. 


Summary. Serine dehydrase and cystathio- 
nine synthetase activities were determined in 
rat liver, precancerous livers, primary hepa- 
tomas induced with 3’-methyl-4-dimethyla- 
minoazobenzene (3’-Me-DAB) and _ trans- 
planted hepatomas induced with azo dyes. 
Both enzyme activities were absent in all 
malignant tissues assayed. After 4 weeks on 
diets containing 3’-Me-DAB both enzyme ac- 
tivities were reduced more than 50% but re- 
turned to normal values at 8 and 12 weeks. 
Precancerous alterations in these enzyme ac- 
tivities did not appear to be correlated with 
the carcinogenic activity of azo dyes em- 
ployed. Deletion or alteration patterns in all 
tissues assayed supported the contention that 
both enzyme activities were manifested by a 
single apoenzyme. 
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Hypotension is the primary cardiovascular 
effect of meperidine. This pharmacologic ac- 
tion has been demonstrated in the dog with 
various intravenous doses, both small and 
large. This fall in blood pressure has been 
attributed to a number of mechanisms, in- 
cluding vasodilatation by direct action, cen- 
tral vasomotor depression and perhaps, gan- 
glionic blockade. Schacter(1) measured in- 
creases in free histamine in cat muscle and 
skin after treatment with meperidine. Sub- 
sequently, the possibility that histamine re- 
lease contributes in part to the mechanism of 
meperidine induced hypotension has _ been 
suggested by several workers(2,3). Since 
there is no quantitative information concern- 
ing this effect in the intact dog, this study 
was done to find out if this drug is a hista- 
mine releasing agent in the dog and if so, 
whether enough histamine is released to cause 
hypotension. 

Methods. Anesthetized (pentobarbital, 35 
mg/kg) mongrel dogs received artificial ven- 
tilation through a cuffed endotracheal tube 
by means of a Starling pump. Blood pres- 
sure was recorded continuously from a cathe- 
ter in the femoral artery connected to a 
Statham pressure transducer. The tracing 


* This investigation supported by USPHS Grant. 
+t Markle Scholar in Medical Science. 


was obtained on an Offner direct writing re- 
corder. After a steady state was obtained, 
meperidine 5 mg/kg of a 10% solution, was 
injected rapidly into the femoral vein, fol- 
lowed with 1 ml of isotonic saline. Prior to 
and at one, 3 and 5 minutes after injection, 
samples of venous blood were taken into sili- 
conized syringes containing 1:100 of 10% 
disodiumethylenediaminetetraacetate. Hista- 
mine was measured by the method of Shore 
and co-workers(4) with one modification; a 
Farrand photofluorometer, model A was em- 
ployed instead of a spectrophotofluorometer. 
The approximate activating and fluorescent 
wave lengths were isolated by use of Corning 
glass filters, primary no. 5860 and secondary 
no. 3389. The sacrifice of some selectivity 
was replaced by the gain in ease of measur- 
ing duplicate specimens. Quenching occurred 
at a lower final concentration of histamine 
but the latter was proportional to fluores- 
cence over the range .005 pg/ml to .165 pg/ 
ml. All measurements were performed on 
duplicate specimens. Three dogs received in- 
travenous injections of histamine, .03 mg/kg. 
The dose was calculated from the average in- 
crease in blood histamine found at the one 
minute interval after meperidine injection in 
5 dogs. Blood histamine was measured in 
only one of the 3 dogs. 


HISTAMINE RELEASE BY MEPERIDINE 


795 


TABLE I. 
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Blood histamine, wg/ml, after 


meperidine, 5 mg/kg I.V. 


Blood pressure after meperidine, 
5 mg/kg I.V. 


Dog wt, kg Control  1min. 3 min. 5 min, Control ene omrAUTi 5 min. 
1-15 12 .O7 .30 27 174/126 40/18 34/12 42/18 
2-16 18 61 54 29 182/120 48/24 42/24 60/30 
3-14 12 45 43 37 162/ 94 27/12 27/18 36/25 
4-15 .06 39 25 18 182/126 48/28 54/32 66/42 
5-13 05 53 41 37 162/108 50/28 42/24 48/30 
Avg* jA1+.06 514.11 329+.14 30 +.10 172/115 43/22 40/22 50/29 
6-13t .06 .76 12 .08 174/115 54/30 90/64 130/100 


Comparisons of significance of change between control and post-meperidine averages reveal 


p <.001. 
* + ineludes 95% confidence interval. 


Results. Rapid injection of meperidine into 
the circulation is followed by a marked low- 
ering of arterial pressure and a rise in con- 
centration of blood histamine to approximate- 
ly 5 times control level (Table I). Mean con- 
centration of blood histamine at control and 
post injection intervals varied between 0.11 
pg/ml prior to injection and 0.30 pg/ml after 
5 minutes. The largest increase occurred at 
the one minute period and the average was 
0.51 »g/ml. The differences between control 
and post-injection values for histamine are 
significant, p being much lower than .001 for 
the 3 comparisons. 

The temporal relationships between these 
changes are illustrated in Fig. 1 The nadir 
of blood pressure depression occurs during 
the interval of maximal velocity of histamine 
release. 

Comparative tracings of the occurrence of 
hypotension after meperidine and histamine 
injections are seen in Fig. 2. Blood pressure 
falls more precipitously after histamine but 
recovers more rapidly. This is a reproduc- 
tion of the tracing reported from Dog 6 
(Table I). The 3 recordings from the dogs 
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FIG. 1, Time relationship of blood histamine and 
blood pressure changes (avg from 5 dogs). 


+ Received histamine .03 mg/kg I.V. 


receiving histamine were virtually identical. 

Discussion. Assuming an average blood 
volume in the dog of 75 ml/kg, a conserva- 
tive estimate(5), then the change in amount 
of circulating histamine induced in one min- 
ute by administration of meperidine is equiva- 
lent to .03 mg/kg of histamine base. This is 
sufficient to produce the peripheral vasodila- 
tation and hypotension commonly attributed 
to meperidine per se (Fig. 2). In addition 
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FIG. 2. Effects of histamine and meperidine on 


blood pressure. 


the velocity of change in both parameters 
occurs simultaneously (Fig. 1), thus the tem- 
poral as well as quantitative requirements of 
such a relationship are satisfied. These con- 
clusions are at some variance with those of 
Schacter(1), who reported that the ability of 
meperidine to release histamine is a property 
incidental to its major pharmacologic actions. 
While such deductions may be valid from ob- 
servations in the eviscerated cat, they cannot 
be applied indiscriminately to all species. For 
example, the ability of meperidine to reverse 
histamine induced bronchial spasm in the iso- 
lated and perfused guinea pig lung is not suf- 
ficient evidence to classify the drug as a gen- 
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eral anti-histaminic agent. In the anesthe- 
tized dog, the major cardiovascular effects of 
meperidine appear to be mediated through 
release of histamine, although a combined 
effect of meperidine and histamine on the 
peripheral vascular system is not ruled out. 
Administration of anti-histaminic drugs in 
large doses has failed to separate these effects 
and other means are being considered to 
settle this point. 

The differences in configuration of the 
tracings illustrating the effects of histamine 
and meperidine (Fig. 2) probably have two 
causes. First, the initial drop in the hista- 
mine tracing is more precipitous because 
more histamine is perfused per unit of time. 
These animals received the amine in one or 
2 seconds whereas the meperidine group re- 
leased this amount of endogenous histamine 
over a one minute period. The return to nor- 
mal is more rapid in histamine treated ani- 
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mals because there is no prolonged release of 
the amine. This is evident by the rapid re- 
turn of the blood values to control levels 
(Table 1). 

Summary. Meperidine is a potent hista- 
mine releasing agent in the anesthetized dog. 
The quantitative and kinetic aspects of this 
phenomenon strongly suggest that it is re- 
sponsible for the cardiovascular effects of 
this drug. 
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Recently we have described(1) a simple 
method of inducing thrombi of approximate- 
ly uniform size and weight in both the arteries 
and veins of rabbits and rats. This technique 
consisted of insertion into the lumen of a 
vessel of a small coil of Mg-Al wire previ- 
ously treated with ZnCl». The thrombi form 
within a few hours, apparently triggered by 
the rapid electrolytic dissociation of the coil. 

Other methods were sought for inducing 
intravascular thrombosis in an intact vessel 
without interrupting flow of blood, however, 
because a less fulminant, slower forming 
thrombus might offer certain advantages in 
various experimental studies. The present re- 
port describes a new method which is simple, 
relatively reliable and produces thrombi of 


* Aided by grants from San Francisco Heart Assn., 
Sacramento Heart Assn., Contra Costa County Heart 
Assn. and Nat. Inst. of Health, Nat. Heart Inst. 


approximately uniform size, weight and con- 
tent. 

Methods. It was discovered accidentally 
that small segments of polyethylene tubingt 
will serve as a nidus for thrombus formation. 
Further studies indicated that if these seg- 
ments of tubing are split lengthwise and the 
resulting gutter-like segments inserted, throm- 
bus formation almost invariably occurs with- 
in 72 hours in the trough of the segments. 

Accordingly, 30 young male rabbits were 
anesthetized with pentobarbital and _ their 
aortae isolated below the exit of the renal 
arteries. Each aorta was gently occluded by 
traction upon ligatures approximately 2 cm 
apart and a very small incision made. Through 
this incision was inserted a 0.5 inch segment 
of polyethylene tubing (i.d. = 0.045” and 


t Clay-Adams PE-160, Intramedic (Medical Form- 
ulation PHF) polyethylene tubing. 
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o.d. = 0.062’) cut in half lengthwise. Inser- 
tion was manipulated so that the cut walls of 
the semicircular section of the polyethylene 
segment were usually in close contact with 
the intimal surface of the aorta and the con- 
vex portion of the segment lay free in the 
lumen. When this is done, the thrombus 
forming later is directly in contact with the 
intima. A silk thread carried at one end of 
the polyethylene segment served as an an- 
chor. The aortic incision was closed by a 
single, previously placed mattress type of 
suture. 

Essentially the same procedure was fol- 
lowed with 10 rats except that the tubing em- 
ployed was smaller in diameter (i.d. = 0.023” 
and o.d. = 0.038”) and shorter (0.25’’). 

Rabbits were sacrificed either at 72 hours, 
3 weeks or 10 weeks. All rats were sacrificed 
at 72 hours. The thrombotic processes found 
in the aorta were examined grossly and mi- 
croscopically. 

Results. The rabbits tolerated insertion of 
polyethylene segments as well as other rab- 
bits had tolerated insertion of Mg-Al coils 
(1). Thus 26 of the 30 rabbits survived the 
process of insertion itself. The remaining 4 
died exhibiting paralysis of the hind legs im- 
meditely subsequent to surgery. All of the 
10 rats survived the insertion. 

Nine rabbits and all 10 rats were sacrificed 
72 hours after insertion of tubing. A rather 
firm thrombus was found at site of operation 
in 7 of the 9 rabbits and in 8 of the 10 rats. 
It usually occupied the entire trough of the 
tubing. The gross appearance of the thrombi 
in rabbits and rats was identical except for 
the difference in size. In most cases (Fig. 1), 
this thrombus was almost pure white, but 
occasionally small areas obviously rich in red 
blood cells were scattered here and there in 
the thrombus. At 72 hours, thrombi of both 
species were more firmly attached to the wall 
of the tubing than to the intima of the ves- 
sel. 

On microscopic examination, the 72 hour 
thrombi of both species appeared identical. 
They were composed of an amorphous. al- 
most acellular structure interlaced with fib- 
rin strands, (as identified by Mallory’s Phos- 
photungstic Acid Hematoxylin Stain). In 


EMIG See 
polyethylene tubing. The thrombus in each aorta 
has been freed from the trough of the tubing. Note 
the white rather solid appearance of both thrombi 


Two rat aortas, 72 hr after insertion of 


and lack of attachment to the aorta. Silk thread 
anchoring the segment of tubing can be seen in 
aorta on right. 


some sections, scattered clumps of red and 
white blood cells were observed. No cellular 
infiltration from the aortic intima was ob- 
served at this time. 

Eight of the 10 rabbits sacrificed at 21 
days exhibited thrombus formation in the 
space between the concave surface of the 
polyethylene tubing and wall of the aorta. 
The thrombi were adherent to the vessel 
walls and gross intimal reactions were easily 
discerned. Also, clumps of cells were begin- 
ning to extend over the entire length of poly- 
ethylene tubing (Fig. 2). On microscopic ex- 
amination (Fig. 3), the interior of the throm- 
bus was found to resemble closely the 72 
hour thrombus. In the 21 day thrombi, how- 
ever, proliferating intimal cells could be dis- 
cerned extending from the intimal tissue di- 
rectly beneath the thrombus. New small 
blood vessels also were observed accompany- 
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FIG. 2. Two rabbit aortas, 21 days after insertion 
of tubing. Tubing has been removed from aorta on 
the left and lifted from aorta on the right. A su- 
perficial post mortem film of fresh clot rich in red 
blood cells is attached to the primary thrombus iu 
aorta IE-10. In aorta LE-G, the new intimal growth 
had begun to ascend the external convex sides of 
the tubing. Both thrombi are now firmly attached 
to wall of aorta. 

ing the proliferating intimal tissue. That part 
of the media directly underlying the throm- 
bus also usually showed partial fragmenta- 
tion and disorganization. In none of the 
thrombi was there an evidence of past or 
present inflammatory processes. 

In the 9 rabbits sacrificed at 10 weeks, the 
polyethylene segment was found to be totally 
covered by newly formed tissue. This cover- 
ing tissue was incised and in 7 of the 9 rab- 
bits the troughs were filled by rather firm 
tissue of pinkish white color (Fig. 4).) In 
the remaining 2 rabbits, the tubing troughs 
had faced the luminal flow of blood. Never- 
theless, the tissue in these latter 2 was iden- 
tical with that observed in the others. 

Microscopic examination of these latter 2 
plaques (Fig. 5) revealed that the original 
thrombus had been totally replaced by liv- 
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Low power view of thrombotic process in 
the rabbit aorta (> 22) 21 days after insertion of 
tubing (PTAH stain). The rather dense structure 
of the thrombus with few cells and a few interlac- 
ing strands of fibrin is shown. The newly formed 
intimal tissue beginning to ascend the lateral walls 


BIG. 3: 


of the thrombus also can be seen. Note thinning 
and partial disorganization of that portion of the 
media immediately subjacent to thrombus. 


ing tissue newly derived from the intima of 
the aorta. No histological differences were 
observed between the plaques regardless of 
the orientation of the tubing within the 
aortic lumen. 

Discussion. The desirability of inducing 
thrombi in the arterial system has been in- 
tensified ever since Duguid(2) revived Ro- 
kitansky’s concepts(3) concerning the pos- 
sible origin of atherosclerotic plaques. Most 
of the various methods that have been em- 
ployed in inducing thrombi (4,5,6,7,8,9,10, 
11) have consisted either of injecting already 
formed thrombi into the venous system or 
of inducing massive thrombosis in a totally 
occluded arterial segment. Such methods, 
however, are not suitable for experiments 
concerned with the possible relationship be- 
tween thrombus formation and atherosclero- 
sis(2) because the thrombi induced by most 
methods either form in the venous system 
or in an artery whose flow has been totally 
obstructed by the thrombus itself. Stone and 
Lord(12) observed that Mg-Al wire induced 
thrombi in the rapidly flowing blood of 
arteries. This method as modified by us(1) 
appeared to offer a very satisfactory tech- 
nique for study of arterial thrombus forma- 
tion and subsequent plaque placement. The 
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FIG. 4. Aorta of rabbit 10 wk after insertion of 
tubing. Tissue covering the tubing was incised and 
tubing removed for photography. Although the 
central mass exhibits the same external form ay 
thrombi in Fig. 1 and 2, it is no longer a fresh 
thrombus but has been organized and replaced by 
fibrous tissue. A small and superficial postmortem 
film of fresh clot is attached to lower half of 
plaque. Note lateral prolongations of intimal tis- 
sue that had covered external surface of the tubing. 


presently described method offers a second 
technique by which arterial thrombi may be 
regularly induced and their transformation 
into plaques observed at all stages. The 
aortic plaques resulting both from introduc- 
tion of polyethylene tubing and insertion of 
Mg-Al coil bear a very close resemblance to 
the pearly white plaques observed in the hu- 
man aorta. 

Summary. Arterial thrombi were produced 
in the aortae of rabbits and rats by insertion 
of specially fashioned polyethylene tube seg- 
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FIG. 5. Low power view of thrombotic process in 
rabbit aorta (x 16) 10 wk after insertion of tub- 
ing (H and E stain). In this animal, the trough of 
the tubing had faced the lumen rather than wall of 
aorta. The thrombus within the trough has been 
completely organized by intimal tissue that had 
ascended the walls of tubing, then had descended 
into its trough. The empty space separating the 
central mass from walls of plaque was produced by 
the tubing removed prior to section and staining. 
Note thinning and partial disorganization of media 
beneath site of tubing. 


ments. These thrombi differ from clots 
formed in static blood in that they are rela- 
tively acellular precipitates containing fibrin 
and probably platelets. These thrombi even- 
tually are organized and lead to plaques in 
which all elements of the initial thrombus 
are replaced by tissue from the intima. The 
resemblance of these plaques to the pearly 
white plaque frequently seen in the human 
aorta is striking. 
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The mechanism by which diets rich in un- 
saturated fats cause reduction of the serum 
cholesterol in human beings is not clear. It 
has been proposed that the reduction comes 
about through increased excretion of the to- 
tal products of cholesterol catabolism(1), in- 
creased excretion of bile acids(2), or de- 
creased synthesis of cholesterol(3). Another 
possibility, made plausible by observations in 
animals(4,5), is that cholesterol is shifted 
from the serum to the tissues. Avigan and 
Steinberg(5) found, for example, that rats 
fed corn oil showed a large rise in liver cho- 
lesterol, while rats fed coconut oil showed no 
significant change. Although the serum cho- 
lesterol in the animals fed corn oil was 
slightly lower than in those fed coconut oil, 
it was not lower than in the animals on a 
control diet, in contrast to the situation in 
man. Nevertheless, the hypothesis that un- 
saturated fats cause a shift of cholesterol 
from blood to liver seemed worth testing in 
human beings. 

Methods. Twelve healthy male subjects 
with high normal levels of serum cholesterol 
were chosen from more than one hundred vol- 
unteers. The men were divided into 2 groups 
of 6 men each. Both groups were allowed to 
eat their institutional, American type diet 
ad libitum. Each man in Group I received, 
in addition, one ounce of hydrogenated co- 
conut oil before each meal. Each man in 
Group II received a similar ration of corn 
oil. The experimental period was one month. 
Serum cholesterol was measured twice at the 
beginning and twice at the end of experiment, 
by the Abell method(6). A punch biopsy of 
the liver was obtained at beginning and end. 
In most instances 15-20 mg of wet liver were 
available for cholesterol analysis, which was 
done by a micro modification of the Abell 
method. The tissue specimens were first ho- 


* Supported by grants from Life Insurance Medical 
Research Fund and from Nat. Heart Inst., U.S.P.H.S. 


mogenized in 1 ml of water. Duplicate 0.05 
ml aliquots were taken for protein nitrogen 
analysis by the method of Nayyar and Glick 
(7). Duplicate 0.2 ml aliquots were hydro- 
lyzed and partitioned against 4 ml of petro- 
leum ether, as in the Abell procedure for se- 
rum. Three ml portions of the petroleum 
ether extracts were evaporated to dryness in 
12 ml conical centrifuge tubes. The residue 
was dissolved in 0.15 ml of Liebermann-Bur- 
chard color reagent, and 0.12 ml was removed 
for measurement of the optical density in 
microcuvettes in the Beckman DU spectro- 
photometer. The standard error of values 
obtained by this technic was 7%. Choles- 
terol concentrations were calculated in mg/ 
mg of protein nitrogen, but are reported be- 
low in the more familiar units of mg/100 g 
of wet tissue, on the basis of a conversion fac- 
tor obtained by analysis of macro specimens 
of normal human liver for protein nitrogen. 
Results and discussion. Table I shows body 
weight, serum cholesterol concentration, and 
liver cholesterol concentration at beginning 
and end of experimental period for each sub- 
ject. Body weights changed very little, in 
spite of the high caloric content of the dietary 
supplements. This failure of the subjects to 
gain weight is probably attributable to the 
fact that the oil was given just before meals, 
with an adverse effect on their appetites. Se- 
rum cholesterol concentrations after corn oil 
feeding dropped in all cases. Liver choles- 
terol concentrations also dropped, and the de- 
crease was significant at the 0.05 level. In 
view of this finding, it appears unlikely that 
the fall in serum cholesterol produced by 
corn oil feeding in man is due to a shift of 
cholesterol from the blood to the liver. 
Summary. Three ounces of corn oil daily 
were added to the diets of 6 men for a period 
of one month. Three ounces of hydrogenated 
coconut oil daily were added to the diets of a 
similar group of controls. Serum cholesterol 
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TABLE I. Effect of Corn Oil and Hydrogenated Coconut Oil on Body Weight, Serum Choles- 
terol, and Liver Cholesterol. 


Body wt Serum cholesterol Liver cholesterol 
Initial Final 

Sub- , Initial, Final, % Tnitial, Final, Yo mg/100 ¢ % 
ject Diet Ib Ib change mg % mg% change wet tissue change 
1 Hydrog. 179% 180% + 6 261 301 +15. 281 282 0 
2 coconut 2164 213%  -1.3 305 329 a 343 BBY § = 6) 
3 oil 170% 167% = tes} 316 316 0 1459 1248 = 7, 
4 181% ~=180 = 1 267 278 + 4 428 559 =-+31 
5 143% 142% —- 47 280 264 = © 353 584 +51 
6 172 175 se ilsi 265 273 =- 3 319 307 = 4 
Avg — 4 + 4% ae Be 

7 Corn oil 219% 215 ers 279 260 = i 460 310 — 33 
8 172% 171 = a) 312 266 = Ie 910 545 =A) 
£ 163% 161 =Iief 294 272 = ff bbw Bae) =e ® 
10 2011%, =204 1.4 272 245 = AG 558 382 — 32 
11 204%, 204 = ell 325 298 = § ddl 410 — 23 

12 183% 183% 4 1 266 251 = © t 763 ¢ 
Avg SS — Of — 25t 


* Change from initial value not statistically significant. 


+ ” ” ” ” 


probably significant (p <0.05). 


¢ Although cholesterol was present, this specimen contained no detectable protein by the 
method used. It is assumed that the biopsy represented fat, rather than liver parenchyma. 


concentration fell an average of 9% in the 
men fed corn oil, but did not change signifi- 
cantly in the controls. Liver cholesterol con- 
centration, as measured by liver biopsy, fell 
an average of 25% in the men fed corn oil. 
No consistent effect was observed in the con- 
trols. It is concluded that the fall in serum 
cholesterol produced by corn oil feeding in 
man is probably not due to a shift of choles- 
terol from the blood to the liver. 
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For many years the 60 mm glass Petri dish 
has served as a standard culture vessel for 
maintenance of a variety of cell strains and 
tissue explants in vitro. Monolayer cultures 
have been maintained on the inside bottom of 
the Petri dish overlaid by a prescribed vol- 


* Supported by grants from Life Insurance Medical 
Research Fund and U.S.P.H.S. 
t Senior Research Fellow, U.S.P.H.S. (SF-332) 


ume of liquid medium whose pH is main- 
tained by the humidified 5% CQO, environ- 
ment of the incubator in which the culture 
dishes are placed. Observations of the grow- 
ing cultures require an inverted microscope 
or replacement of the dish top with a device 
enabling one to bring the objective close 
enough so that the cells can be viewed with 
an ordinary microscope. Both sytems leave 
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FIG. 1. A. Complete dish, assembled. B. Re- 


cessed top. C. Dish bottom. 


much to be desired regarding the cytological 
resolution obtained. The culture dish herein 
described has many features which tend to 
overcome some of the problems encountered 
in growing monolayer cultures in conven- 
tional dishes. 

The culture dish? is made of a pre-sterilized 
polystyrene plastic. The lid has a sharply 
recessed area 40 mm in diameter (Fig. 1, B). 
The sides of the bottom (Fig. 1, C) of the 
dish are tapered to facilitate their stacking 
or filing for maintaining permanent records 
of experiments. The optical working dis- 
tance from top of the lid to inside bottom of 
the dish (cell surface) is 2.6 mm. This en- 
ables one to study individual cells of the 
monolayer by using an ordinary light micro- 
scope or phase microscope (Fig. 2). When 
making observations with an inverted micro- 
scope (Fig. 3), the recessed lid permits the 
phase condenser to be focused on the cell sur- 
face, thereby producing much better defini- 
tion of cell structure at higher magnifications. 
All of these optical procedures do not increase 
the chance of contamination since all are done 
with the recessed lid in place. 

Despite the presence of the recessed lid, 
there is ample space between the lid and the 
bottom to allow for maintenance of the 
proper pH of the medium by the COs envir- 
onment of the incubator. Approximately 4 
ml of medium will flood the bottom of the 
dish and eliminate the air interface between 
lid and medium. The maximum working 


{ Currently available from Falcon Plastics, Los 
Angeles, Calif. 


volume of medium is approximately 7 ml. 

This dish has been utilized in conjunction 
with time-lapse cinephotomicrographic  tech- 
nics to record the process of trypsinization 
in various cell strains and tissues (Fig. 3). 
Additional experiments involving the appli- 
cability of this dish to long term time-lapse 
cinephotomicrographic experiments are now 
in progress. 

Many histochemical 
carried out completely 


can be 


dish. 


procedures 
within — this 


Where the experimental procedure requires 
an air tight environment, the dish can be 
sealed by rimming the bottom of the dish 


FIG, 2, Photomicrograph of a monolayer culture 
of L-929 cell strain growing on inner surface of 
plastic petri dish bottom, The field was photo- 
graphed on 16 mm Gaevapan moyie film from 
above, through the recessed top, utilizing a 10 
A.O. Dark M. phase objective. 

PIG. 3, Photomicrograph of a monolayer culture 
of L-929 cell strain growing on inner surface of 
plastic petri dish bottom. The field was photo- 
graphed on 16 mm Gaevapan movie film with the 
aid of a Zeiss Plankton microscope and a 40 
Zeiss phase contrast objective. 
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with silicone or a nontoxic plastic cement. 
The design of this dish should aid the in- 
vestigator in obtaining better cytological de- 
tail of monolayer cultures without increasing 
the danger of contamination and should be 
especially useful in laboratories where fre- 


Effect of Glutamate and Glycine on Cock Sperm Metabolism. 
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quent screening is required of large numbers 
of plates as wel! as in conducting student 
laboratory experiments where the supply of 
inverted microscopes is inadequate. 
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Agricultural Experiment Station, Cornell University, Ithaca, N. Y. 


During investigations on the effect of 
chloride on cock sperm metabolism it was 
found that replacement of chloride by gluta- 
mate in a Tyrode diluent resulted in a linear 
depression of the rate of fructolysis and of 
respiration rate(1). Replacement of chlor- 
ide by phosphate did not result in a signifi- 
cant change in rate of metabolism. The 
present paper reports results obtained in a 
further investigation of these phenomena. 

Materials and methods. The methods 
used to obtain semen, to measure respira- 
tion rate and utilization of fructolysis have 
been previously described(1). In all experi- 
ments a 1:10 dilution rate was used. All 
experiments were designed as completely 
randomized blocks and analyzed according 
to the methods outlined by Snedecor(2). 
Diluents were made isotonic to seminal 
plasma (A = 0.62°C). Freezing points were 
determined with the aid of a Fiske milkcryo- 
scope. Compositions of the basic diluents 
employed are given in Table I. A designa- 
tion of 25% “phosphate” means that 3 parts 
of “glutamate” diluent were mixed with 1 


part of “complete phosphate” diluent. All 
diluents contained 100 mg dihydro strepto- 
myocin and 10 mg tetracycline hydrochloride 
per 100 ml(3). To determine the catabolism 
of glutamate 6 uc of glutamate 1-C' were 
added per Warburg flask; a similar procedure 
was used in the case of glycine. The C!*O, 
was trapped in KOH and either converted to 
BaC'Os and the radioactivity of BaC™Os de- 
termined, or the KOH and KHC™O; were 
plated directly on in a small metal cup and 
radioactivity measured on the dried material. 
Radioactivity was measured with a thin mica 
window Geiger-Miller counter. 

Experiments and results. The effect of re- 
placement of chloride by phosphate or gluta- 
mate was investigated in an experiment in 
which the 3 diluents were used simultane- 
ously. The results are presented in Table IT. 
Analysis of variance revealed: 1) Respira- 
tion rates of Tyrode-diluted and phosphate- 
diluted fowl semen are higher (P<0.001) 
than that of glutamate-diluted semen; 2) 
Diluents had no significant (P>0.20) effect 
on rate of fructolysis. 3) The interaction be- 


TABLE I. Composition of Diluents Used in Fowl Semen Experiments. 


‘“Complete 


phosphate’?  Tyrode ‘‘Glutamate’’ 
Tsotonic solution  g/100 ml ——— —ml - s 
CaCl, - 2H,O 2.04 1.00 1.00 1.00 
MgCl, - 6H.O 2.48 40 40 40 
KCl 1.25 1.60 1.60 1.60 
Na H CO, 153 6.50 6.50 6.50 
Fructose 6.00 4.00 4,00 4.00 
Na monoglutamate 3.21 =a == 86.50 
Phosphate buffer* — 86.50 — == 
NaCl tl —_ 86.50 — 


* 16.34 g Na,HPO, plus 5.16 g NaH,PO, in 1000 ce water. 
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TABLE II. Effect of Phosphate and Glutamate 
Replacement of Chloride in Tyrode Diluent on 
Metabolic Rates of Fowl Semen. 


Respiration rate Fructose 

used, 

Diluent y10./108/Lhr yl O./108/2hr wg/10°/2 hr 

Tyrode 4.11 6.95 62.47 

Complete 4.22 6.11 13.73 

phosphate 
Glutamate 3.39 5.37 17.76 
N 12 12 6 


tween duration of incubation and diluents 
was significant (P<0.05). The interactions 
(Tyrode versus Phosphate + Glutamate) 
duration of incubation were significant (P< 
0.05) but the comparison (Phosphate vs. 
Glutamate) % duration of incubation was 
not (P>0.20). These interactions suggested 
that phosphate might have no effect on res- 
piration rate during the first hour of incu- 
bation but that it might depress respiration 
later in the incubation period. Such an ef- 
fect would be similar to that obtained by 
addition of glycine to a Tyrode diluent(4). 

To investigate this problem further we in- 
cubated semen diluted with the 3 diluents, 
mentioned above, for 6 hours. Hourly res- 
piration rates observed in these experiments 
are given in Table III together with correla- 
tion and regression coefficients of hourly res- 
piration rate on time. To make comparisons 
with previously published data on glycine 
we recalculated the coefficients for the first 


TABLE III. Hourly Respiration Rates for Fowl 
Semen Diluted with 3 Different Diluents and Cal- 


culated Regression (b) and Correlation Coefficients 
(7) of These Respiration Rates on Time of Ineuba- 
tion. 

Tyrode Complete phosphate Glutamate 

Hr il 05/108 ht —— 
] 3.85 3.99 2.90 
2 2.46 1.49 1.60 
5 2.77 2.49 2.27 
1 1.75 1.59 1.53 
5 1.96 2.06 2.3 
6 1.90 2.19 1.42 

Diluent N b 12 r 12 

Tyrode 6 008) <5 (oo 20D 

Complete phosphate 6 Vasey oil 482 >.05 

Glutamate op a: sual) Aaya Ss las 

Tyrode* 3 ol4 <.05 Sor 00 

Tyrode - glycine* a L420 <0] 920 7<a. 0k 


* See text. 
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6 hour period in those experiments. These 


data show: 1) A remarkable agreement in f 


regression coefficients obtained with Tyrode 
diluent in 2 different experiments. 2) Varia- 
tions in hourly respiration rate of semen di- 
luted with glutamate and phosphate diluent 
showed no significant relationship with dura- 
tion of incubation. We may conclude from 
this that either there was no relationship and 
thus the variations were random, indicating 
that the lines were horizontal, or that the re- 
gressions although real were not significant 
because not enough points were available to 
demonstrate this relationship. In either case 
we may conclude that the regression lines for 
Tyrode-diluted semen and those for phos- 
phate-diluted and glutamate-diluted semen 
will cross. This in turn means that phos- 
phate or glutamate prevents the gradual de- 
crease in respiration rate observed with Ty- 
rode-diluted semen. 

These experiments suggested 2 further 
questions: 1) what is the effect of graded re- 
placement of phosphate by glutamate, in the 
complete phosphate diluent, on metabolic 
rates? 2) Are glutamate and/or glycine 
catabolized by the fowl semen? 

Results of investigations of the first ques- 
tion are given in Table IV. Analysis of 
variance showed that: 1) The quadratic com- 
ponents of the effect of phosphate replace- 
ment by glutamate were significant (P< 
0.01). 2) Differences in amounts of fructose 
used were not significant (P>0.10). 

These data thus indicated that there was 
an optimum ratio of phosphate and _ gluta- 
mate with respect to respiration rate, and 
that this optimum lies near the 50:50 ratio. 
The significance of the apparent discrepan- 
cies between data of Table II and Table IV 
is discussed below. 

Data concerning the second question raised 
above are summarized in Table V. These 
results demonstrate: 1) glutamate depresses 
rate of fructolysis under aerobic and anaero- 
bic conditions; 2) glutamate depresses res- 
piration rate; 3) glycine depresses respira- 
tion rate; 4) glutamate is catabolized to a 
limited extent by fowl semen; 5) rate of cata- 
bolism of glycine by fowl semen is negligible; 
6) analysis of variance showed that the dif- 
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TABLE IV. Effect of Graded Levels of Glutamate 
and Phosphate on Metabolic Rates of Fowl Semen. 


Respiration rate Fructose 
; used, 
Diluent ,10,/108/i hr wl O,/10°/2hr pg /108/2 hr 
Phosphate 
100% 3.06 5.21 24.47 
75% 3.13 5:25 29.39 
50% 3.39 5.48 25.16 
25% 3.26 5.49 26.13 
Glutamate 
100% 2.81 Deke) 23.10 
'N il a 4 


ference in fructose used under aerobic and 
anaerobic conditions was not significant 
fP>0.05). 

These results show that glutamate, in con- 
trast with glycine, can be catabolized by fowl 
semen. With respect to glycine fowl sperm 
resemble sea-urchin sperm(5) but differ from 
bovine sperm(6,7). We tried to approximate 
whether the catabolism of glutamic acid 
might account for the smaller amount of fruc- 
tose used under aerobic conditions. In these 
calculations we assumed that all fructose 
which disappeared had been metabolized to 
lactic acid(4) yielding 2 moles ATP for each 
mole of fructose used and we assumed that 
36 moles of ATP would be generated per 
mole of glutamate catabolized to COs. Based 
on these assumptions we made the following 
calculations: ATP generated in Tyrode dilu- 
ent from fructolysis 2.678 micro moles; ATP 
generated in glutamate diluent: 0.165 micro 
moles from fructolysis plus 1.494 micro moles 
from glutamate thus yielding 1.65 g micro 
moles. Thus approximately 1 micro mole of 
ATP less is generated in the glutamate dilu- 
ent. This calculation does not take account 
of differences in respiration rates in the 2 
diluents since those differences may be due 
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to chelating effects of glutamate. The data 
obtained under anaerobic conditions show 
clearly that glutamate has an inhibitory ef- 
fect on fructolysis even when glutamate can- 
not be catabolized. Under these conditions 
about 0.7 micro moles less of ATP are gen- 
erated in the glutamate than in the Tyrode 
diluent. 


Discussion. The results showing that 
chloride replacement by phosphate in a Ty- 
rode diluent had no significant effect on res- 
piratory or fructolytic rate of fowl sperm 
agree with previously obtained results(1). 
The inhibitory effect of glutamate on respira- 
tion also agrees with these results. Compari- 
sons of the means obtained given in Tables II 
and V, and in Table IV, show that the magni- 
tude of the difference in respiration rate be- 
tween phosphate-diluted and glutamate-di- 
luted semen varied. We would almost cer- 
tainly not have ascribed an inhibitory effect 
of glutamate on respiration on the basis of 
data given in Table IV. These data do, how- 
ever, not vitiate the conclusions drawn from 
Tables I] and V. They indicate that the ex- 
tent of the response may vary. 


What factors are involved in this variation 
we do not know for to the best of our knowl- 
edge identical laboratory methods were used. 
We have no evidence that ageing of the roost- 
ers or that season of collection of the semen 
affects the response. It must be emphasized 
that our conclusions are based on incubation 
periods of 2-3 hours. As hourly respiration 
rate decreases more sharply after dilution 
with Tyrode diluent than with the other dilu- 
ents, this restriction must be kept in mind 
in comparisons of diluents. 

We believe that the conclusion that a 
higher respiration rate is obtained with a 50: 


TABLE V. Effect of Glutamate and Glycine on Metabolic Rates of Fowl Semen. 


Fructose used, 


Respiration, wg /108/3 hr Amino acid used, 
Diluent pl /10°/3 hr Aerobie Anaerobic ug/10°/3 hr N 
Tyrode slay! 241.22 161.70 — 4 
Glutamate 6.25* 14,88* 30.92* 6.1 4 
Tyrode 13.14 = a 9 
Tyrode (84p) + 1/3 M they = — .66 9 


glycine (16p) 


* Different from treatment without amino acid (P <.01). 
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50 ratio of phosphate buffer and glutamate is 
not jeopardized by the somewhat lower than 
“normal” rate of respiration obtained with 
100% phosphate, since experimental results 
are based on randomized complete block de- 
signs and the higher respiration rate was ob- 
served in 5 out of 7 cases. The nature of 
this synergestic effect of glutamate and phos- 
phate is not clear, mainly because so little is 
known of the metabolism of fowl sperm. 

The sharper decrease in respiration rate 
after dilution of fowl semen with Tyrode dilu- 
ent may be related to the distinctive action 
of the chloride ions on sperm(1). Koefoed- 
Johnsen and Mann(9), observed that sur- 
factants caused inhibition of fructolysis, res- 
piration and motility. The chloride ion 
probably does not cause immediate disrup- 
tion of the normal sperm morphology but 
eventually may act as surfactants do. 
Whether sperm stored in Tyrode diluent re- 
spond with a higher respiration rate to suc- 
cinate than do phosphate diluted stored 
sperm should be investigated. Such a phe- 
nomenon was observed by Koefoed-Johnsen 
and Mann(9) after treatment of mammalian 
semen with surfactants. 

The inhibition of respiratory activity by 
glutamate is, however, not attributable to re- 
placement of chloride, for glutamate also in- 
hibited respiration rate when compared to a 
phosphate diluent. Other data from our lab- 
oratory did not give evidence that phosphate 
causes damage to fowl sperm(1). 

Glycine, which is known to act as a chelat- 
ing agent(9), and glutamate may have a si- 
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milar effect on respiratory activity partly be- 
cause of the shared characteristic of acting 
as a Chelating agent. In view of the fact 
that tetracycline hydrochloride was added to 
all diluents and in view of its chelating effect 
(10) it seems that further investigation is 
necessary. 

Summary. Glutamate, which can be cata- 
bolized by fowl semen, has an inhibitory ef- 
fect on respiratory rate and in some experi- 
ments on rate of fructolysis. This effect may 
be explained partly by the catabolism of the 
glutamate and partly by its chelating effect. 
Glycine, which acts similarly to glutamate, 
is not catabolized by fowl semen. 


We want to express our gratitude to Dr. M. C. 
Nesheim for critically reading the manuscript and 
for valuable suggestions. 
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Effect of Hypophysectomy on Adrenocortical Response to Bilateral 


Carotid Constriction. 


(26482) 


Epwarp G. BIGLIERI AND WILLIAM F. GANONG 
Metabolic Unit for Research in Arthritis and Allied Diseases and Department of Physiology, 
University of California School of Medicine, San Francisco 


Gann, Mills and Bartter(1) have demon- 
strated that bilateral constriction of the com- 
mon carotid artery causes an increase in al- 
dosterone secretion in normal dogs. Con- 
siderable evidence has accumulated that 


ACTH affects aldosterone  secretion(2,3). 
This fact makes it difficult to decide whether 
increased aldosterone secretion in any given 
experiment is due to increased secretion of 
ACTH or to a proposed nonpituitary aldos- 
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terone-stimulating hormone(4), when the ex- 
periment has been performed in animals with 
intact pituitaries. The present experiments 
were done in order to determine whether the 
response to carotid constriction is dependent 
on increased secretion of ACTH. Some of 
the results have been reported previously in 
abstract form(5). 


Materials and methods. The right lumbo- 
adrenal veins of 11 male mongrel dogs weigh- 
ing 12.0-15.8 kg were cannulated by the 
method of Hume and Nelson(6) under pen- 
tobarbital anesthesia. Transbuccal hypo- 
physectomy was then performed in 7 of the 
dogs. Fifty-five minutes after operation 2 
hypophysectomized dogs were given 5 milli- 
units (mU) ACTH (Upjohn) intravenously, 
followed by a constant infusion of 30 mU of 
ACTH per hour. This amount of ACTH was 
found in previous experiments to maintain 
17-hydroxycorticoid output at 50-75% of 
maximum(7). Ninety-five minutes after hy- 
pophysectomy, adrenal cannulation, or both, 
the common carotid arteries were constricted 
in each of the 11 dogs by tying a ligature 
around the artery and an 18-gauge hypoder- 
mic needle, after which the needle was with- 
drawn. 


Adrenal venous blood specimens were col- 
lected from the 2 dogs receiving ACTH be- 
fore the constant infusion was started, and 
from all dogs 60 and 90 minutes after hypo- 
physectomy and/or cannulation. Specimens 
were collected from 2 hypophysectomized 
dogs 15 minutes after carotid constriction, 
from the remaining 9 dogs 30 minutes after 
constriction, and from all 11 dogs 60 minutes 
after constriction. The adrenal venous blood 
specimens were centrifuged promptly and the 
plasma frozen for subsequent analysis of al- 
dosterone content by the double isotope de- 
rivative technic of Kliman and Peterson(8), 
and 17-hydroxycorticoids by the Silber- 
Porter method(9). Femoral and_ lingual 
blood pressures were monitored throughout 
the experiment with Statham strain gauges 
and a Grass Model 4 polygraph. Gross ex- 
amination of the sella and hypothalamus at 
autopsy showed all hypophysectomies to be 
complete. 
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FIG. 1. Effect of carotid artery constriction on 
adrenal secretion in dogs. 
Results. Mean aldosterone outputs 60 and 


90 minutes after cannulation in the nonhy- 
pophysectomized dogs were 56 + 18 (mean 
-++ standard error of the mean) and 57 + 
22 mpg/minute, with a rise to 202 + 75 
mpg/minute 30 minutes after carotid con- 
striction, and to 73 + 8 myg/minute 60 min- 
utes after constriction. However, the mag- 
nitude of the rise varied considerably in in- 
dividual animals, and the mean value 30 min- 
utes after constriction is not significantly dif- 
ferent from the pre-constriction control. 
Mean control 17-hydroxycorticoid output 
values in these stressed dogs were 5.7 + 2.6 
and 7.8 + 3.5 mug/minute, rising to 12.3 + 
3.1 and 7.4 -- 2.5 mpg/minute 30 and 60 
minutes after carotid constriction (Fig. 1). 
In the 5 untreated hypophysectomized dogs, 
control aldosterone output values were 30 + 
7.8 and 26 + 8.5 myg/minute. Fifteen min- 
utes after carotid constriction, the mean out- 
put (2 dogs) was 11 mpyg/minute. Thirty 
minutes after constriction, it was 10 + 2.1 
(3 dogs), and 60 minutes after constriction 
it was 6 + 1.8 mpg/minute. The correspond- 
ing values for 17-hydroxycorticoid output 
were 0.5 + 0.7 and 0.7 and 0.9 »g/minute 
in the control period and 0.9, 0.7 and 0.6 + 
0.8 pg/minute after constriction. 

The aldosterone and 17-hydroxycorticoid 
output values for the 2 hypophysectomized 
dogs which were treated with ACTH are 
shown in Table I. Seventeen-hydroxycorti- 
coid output was increased during the infu- 
sion, but no consistent change occurred in 
aldosterone or 17-hydroxycorticoid output 
after carotid constriction. 

Tying the carotid artery around an 18- 
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TABLE I. Effect of Carotid Constriction on Adrenocortical Secretion in Hypophysectomized 
: Dogs Infused with ACTH. 


———— 30 mU ACT H/hr ——_———_,, 


Time after hypophysectomy (min.) 


Control 
45 60 
Aldosterone (myg/min.) 
Dog 1 27 30 
‘a4 60 80 
17 OHCS (yg/min.) 
Dog 1 2 4.2 
we 2 2 5.3 


90 95 125 155 
80 Carotod con- 50 80 
82 striction 25 DL 
4.8 3.8 4.0 
4.5 5.2 7.2 


gauge needle caused a 30-60 mm Hg fall in 
lingual arterial pressure, and a decrease in 
lingual pulse pressure from a mean of 43 to 
a mean of 5mm Hg. The systemic pressure 
rose sharply after constriction, then fell 
gradually to its preconstriction level in 1 
hour. 

Discussion. The present data show clearly 
that although a rise in aldosterone secretion 
may follow bilateral constriction of the com- 
mon carotid arteries in the normal dog, it 
does not occur in the hypophysectomized ani- 
mal. It therefore appears that carotid con- 
striction leads to increased secretion of 
ACTH, which is responsible for any increase 
in aldosterone secretion. The rise in 17- 
hydroxycorticoid secretion that occurred in 
the normal dogs after carotid constriction 
supports this conclusion. 

It is possible that hypophysectomy abol- 
ishes the responsiveness of the adrenal to a 
nonpituitary aldosterone-stimulating factor. 
Since the administration of ACTH causes 
prompt rises in the secretion of both 17- 
hydroxycorticoids and aldosterone(10) up to 
6 hours after hypophysectomy, loss of 
responsiveness probably does not play a 
role in these studies. To rule out the pos- 
sibility that some circulating ACTH is 
necessary for adrenal responsiveness, 2  hy- 
pophysectomized dogs were given ACTH by 
constant infusion while the adrenocortical re- 
sponse to carotid constriction was measured. 
The dose of ACTH chosen produced and 
maintained a 4-fold rise in 17-hydroxycorti- 
coid secretion, but subsequent carotid con- 
striction produced no change in the secretion 
of these hormones or aldosterone. Thus in- 
creased aldosterone secretion observed in nor- 


mal dogs seems to be due to increased secre- 


tion of a pituitary factor, and this factor is 
probably ACTH. 

Summary. To determine whether the in- 
crease in aldosterone secretion following con- 
striction of the carotid arteries was due to 
release of pituitary ACTH, 4 normal dogs, 5 
acutely hypophysectomized dogs and 2 
acutely hypophysectomized dogs given 
ACTH by constant infusion were subjected 
to constriction of both common carotid ar- 
teries. A variable rise in aldosterone secre- 
tion occurred in dogs with intact pituitaries 
after carotid constriction, with an associated 
increase in 17-hydroxycorticoid secretion. In 
hypophysectomized dogs and in ACTH-in- 
fused hypophysectomized dogs, this rise 
failed to occur. The data support the conclu- 
sion that the increase in aldosterone secretion 
following carotid constriction is due to pitui- 
tary release of ACTH. 


The authors wish to express their thanks to Miss 
Angela Boryczka, Mr. Roy Shackleford and Miss 
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It was recently observed in this laboratory 
that ligation of the common bile duct of the 
rat stimulated proliferation of liver cells in 
the absence of liver cell necrosis(1). The 
present work was carried out to study fur- 
ther the effect of biliary obstruction on he- 
patic regeneration, and to compare regenera- 
tion due to biliary obstruction with that fol- 
lowing partial hepatectomy. Incorporation 
of tritiated thymidine (H*-thymidine) into 
deoxyribonucleic acid (DNA) was quanti- 
tated in autoradiographs, and mitoses were 
counted in histologic sections to detect and 
quantitate regeneration(2). 

Higgins and Anderson(3) performed par- 
tial hepatectomies after bile duct ligation in 
rats: Wet and dry weights were correlated 
with the histologic appearance and with he- 
patic mitoses; it was found that weight was 
restored as well or better than in normal rats 
subjected to partial hepatectomy. On the 
basis of gross and histologic observations, 
however, they interpreted restoration of 
weight in obstructed liver to be due to en- 
gorgement with bile and blood, and they con- 
cluded that regeneration was impaired after 
bile duct ligation. Cameron(4) studied sur- 
vival of slices of normal and obstructed liver 
placed as autotransplants in the omentum of 
rats. He found that in liver from animals 
with bile duct obstruction liver cells did not 


* Aided by grants from U.S.P.H.S. and in part 
by Contract from Office of the Surgeon General 
U.S. Army. 

+ Third year 


student, University of Rochester 
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survive as long as from normal rats. He 
concluded that bile duct ligation inhibited 
regeneration. Ferguson, Rogers and Vars(5) 
studied total liver weight, protein content, 
and mitotic activity and found that in rats 
that had undergone bile duct ligation at the 
time of partial hepatectomy, regeneration was 
as great or greater than regeneration in par- 
tially hepatectomized normal liver. Wein- 
bren(6) studied rat liver subjected to partial 
hepatectomy after bile duct ligation. He 
compared gain in weight of remaining liver 
lobes, and found no difference between ob- 
structed and normal liver; he concluded that 
bile duct ligation did not inhibit regenera- 
tion. 

Materials and methods. Forty male rats 
of the Sprague-Dawley strain,* separated by 
litter-mates into 24-hour and 48-hour experi- 
mental groups were used. Animals were ob- 
tained at 21 days of age, and were main- 
tained in this laboratory until 119 to 124 
days of age, at which time they weighed 315 
to 415 g. They were housed individually in 
-an air-conditioned room, and were fed labora- 
tory chow and tap-water ad libitum.  Ani- 
mals were divided into groups as follows: 12 
underwent ligation of the common bile duct 
midway between liver and duodenum, fol- 
lowed immediately by partial hepatectomy of 
approximately 50% of the liver(7). Twelve 
rats were subjected to partial hepatectomy 
alone; 8 to ligation of the bile ducts alone, 
and 8 to a sham operation consisting of 


{ Purchased from Charles River Breeding Labora- 
tories, Boston, Mass. 
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TABLE I. Uptake of Tritiated Thymidine and Mitotie Activity of Rat Liver Cells Following 
Ligation of Common Bile Duct and Partial Hepatectomy. 


ee eee ee ene Se a ee ee ee eS ee 


AS 


Hr after Tritium labeled 
Operative procedure operation No. rats hepatic nucle?* Mitoses* 
Partial hepatectomy 24 6 24,688 + 9,669t 695 + 409t 
Bile duct ligation & partial 24 6 ayliyl See fiat 54 + 66 
hepatectomy 
Bile duct ligation 24 1 oe 10 4=) 19 
Sham operation 24 t PM ie 9 0 
Partial hepatectomy 48 6 3,761 + 1,331 288 + 180 
Bile duet ligation & partial 48 6 8,863 + 3,380 698 + 254 
hepatectomy 
Bile duct ligation 48 4 4,958 + 3,362 298 + 134 
Sham operation 48 q Smet 3 0 


* Expressed per 100,000 hepatic cell nuclei. 
t+ + stand. dey. 
laparotomy and manipulation of the liver 
and bile ducts. 


Twenty of the rats were sacrificed at 24 
hours, and the remaining twenty 48 hours 
after operation as shown in Table I. Four 
hours prior to sacrifice H*-thymidine’ was 
administered under ether anesthesia via one 
femoral vein, in a dose of one-half micro- 
curie per gram body weight. Animals were 
sacrificed by etherization and decapitation. 
Slices of liver were fixed in 10% neutral buf- 
fered formalin. Histologic sections were 
stained with hematoxylin and eosin and strip- 
ping film autoradiographs were prepared as 
described elsewhere(2). Kodak AR-10 film 
was used, with an exposure time of 4 weeks. 
In autoradiographs, tritium labeled hepatic 
nuclei were counted in 100 consecutive 400 
fields containing parenchymal cells; in his- 
tologic sections mitotic figures in hepatic cells 
were counted in 50 consecutive 400 fields. 
Results were expressed per 100,000 hepatic 
nuclei. 


An attempt was made to carry out similar 
studies 3 weeks after bile duct obstruction 
and partial hepatectomy, but because of a 
high mortality of rats with ligation and di- 
vision of bile ducts, apparently due to liver 
failure and to infection, this part of the ex- 
periment was discontinued. 


Results. All operated rats lost 10 to 30 g 
during the one or the 2 days between opera- 


§ Schwarz Laboratories, Mount Vernon, N. WAS 
specific activity 1.9 curies per millimole. 


tion and sacrifice. Rats which had under- 
gone partial hepatectomy had fibrinous ad- 
hesions of intestine, stomach or omentum to 
the stumps of resected lobes. In rats with 
bile duct ligation and partial hepatectomy the 
livers were bile stained in addition. Bile 
ducts in animals with ligation showed little 
or no dilatation 24 hours later; 48 hours after 
operation the ducts proximal to the ligation 
were dilated and contained an estimated 0.5 
ml of bile. Sham operated rats showed no in- 
traperitoneal changes. 


Histology. The livers of sham operated 
rats were normal; in animals that had under- 
gone partial hepatectomy, liver cells were en- 
larged, with finely vacuolated cytoplasm(7). 
In rats with bile duct ligation alone the 
changes were similar to those described by 
Cameron and Oakley(8). At 24 hours and 
more markedly at 48 hours bile ducts were 
increased in number in portal areas; cells of 
bile duct epithelium were enlarged and con- 
tained large, pale nuclei. In portal areas con- 
nective tissue appeared edematous, with more 
fibroblasts than usual, and there were in- 
creased numbers of lymphocytes and _poly- 
morphonuclear leukocytes. Liver cell nuclei 
were enlarged and pale staining. As noted 
previously(1) necrosis was not a prominent 
feature of these livers; there were scattered 
degenerated liver cells with pyknotic nuclei, 
occasional “hyaline bodies” composed of cy- 
toplasm of degenerated liver cells, and in 2 


livers there were rare “Gombault infarcts.” | 
The histologic findings were similar in | 


(8). 
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FIG. 1. Autoradiograph of liver of normal rat, inj. with H*-thymidine 4 hr prior to sacrifice, 


One labeled liver cell nucleus is present in upper right portion. Hematoxylin x 200. 

FIG. 2. Autoradiograph of liver of rat subjected to partial hepatectomy and inj. with H*- 
thymidine 24 hr later. Approximately 40 labeled liver cell nuclei, Hematoxylin x 200. 

FIG. 3. Autoradiograph of liver of rat subjected to ligation of common bile duet and par- 
tial hepatectomy, and inj. with H*-thymidine 24 hr later. Approximately 20 labeled liver cell 


nuclei. Hematoxylin 200. 


FIG. 4. Autoradiograph of liver of rat subjected to ligation of common bile duet and inj. 
with H*-thymidine 48 hr later. Approximately 20 labeled liver cell nuclei. Hematoxylin x 200, 


rats that had undergone both bile duct liga- 
tion and partial hepatectomy. 

Autoradiographs and Mitotic Counts. 
Twenty-four hours after operation, rats that 
had undergone partial hepatectomy and com- 
mon bile duct ligation showed significantly 
less H*-thymidine uptake and mitotic activ- 
ity of hepatic cells (P<0.01) than rats sub- 
jected to partial hepatectomy alone. (Table 
I) H*-thymidine uptake and mitoses in livers 
of rats with ligation of the common bile duct 
were not significantly different from normal. 

To confirm the findings at 24 hours, this 
portion of the experiment was repeated with 
an additional 17 rats; the results were essen- 
tially the same. 

At 48 hours after operation, rats with par- 


tial hepatectomy and bile duct ligation 
showed significantly more H*-thymidine up- 
take and mitoses (P<0.05) than rats with 
partial hepatectomy alone. Rats with bile 


duct ligation alone showed markedly _in- 


creased H*-thymidine uptake and mitotic ac- 
tivity of liver cells, comparable to the 48 
hour values of rats that had undergone par- 
tial hepatectomy. 

H*-thymidine uptake by bile duct epithe- 
lium was increased beginning 24 hours after 
operation in rats with bile duct ligation and 
in those with combined bile duct ligation 
and partial hepatectomy. 

Comment. This work suggests that liver 
cell proliferation occurring as a result of bile 
duct obstruction may be due to sublethal, 
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histologically inapparent damage to liver 
cells. The regenerative response on the part 
of liver cells begins 40 to 48 hours after com- 
mon duct obstruction; in time of onset, it is 
thus different from the regeneration that oc- 
curs after partial hepatectomy, which is ad- 
vanced at 24 hours. Further, there is an 
early, brief interference of biliary obstruc- 
tion with regeneration after partial hepa- 
tectomy, and there is a long interval of 48 
hours between obstruction of the bile ducts 
and appearance of increased DNA synthesis 
and mitoses in liver cells, during which time 
injury, and response to injury, may occur. 
Substances such as serotonin(9) and _thio- 
urea(10) have been shown to cause increased 
liver cell mitoses in the absence of necrosis, 
probably due to sublethal damage to cells 
which is followed by proliferation. 

Summary. DNA synthesis and mitosis in 
liver cells are partially inhibited 24 hours 
after operation in rats subjected to both par- 
tial hepatectomy and bile duct obstruction; 
at 48 hours regeneration is greater than after 
partial hepatectomy alone, although not as 
marked as that seen at 24 hours after partial 
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hepatectomy. Liver cell proliferation occurs 
40 to 48 hours after obstruction of the com- 
mon bile duct, and is presumably the result 
of histologically inapparent injury to liver 
cells. 
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The electrolyte composition of the ocular 
lens of the rat is greatly modifled during for- 
mation of galactose-induced cataracts. Of 
particular interest is a reduction in potas- 
sium and elevations in sodium and calcium 
concentration(1,2). The relationship between 
the changes in these cations and lens opacifi- 
cation Certain biochemical 
studies suggest that cataractogenesis is the 
consequence of an inhibition of lens metabol- 
ism by galactose(3,4). It has also been dem- 
onstrated that maintenance of the lens con- 


is not known. 


* This work was supported in part by a grant 
from Nat. Inst. Health. 


tent of sodium and potassium is energy de- 
pendent(5) and the changes observed in 
these cations during cataractogenesis may re- 
flect the effect of galactose on lenticular meta- 
bolism. The proposal has been made that the 
concentration of these cations in the lens dur- 
ing cataractogenesis could serve as an index 
to the progression of the lesion(6). 

The present studies were made to deter- 
mine the time course of the modification of 
lens sodium and potassium in relation to de- 
velopment of galactose-induced lens opacifi- 
cation. Large differences are known to exist 
in susceptibility of several strains of albino 
rats to the cataractogenic property of galac- 
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tose(7,8). The degree to which susceptibil- 
ity to cataractogenesis influences the magni- 
tude and time course of the cation changes 
was studied by using 3 strains of albino ani- 
mals known to differ markedly in this regard 
(8). Animals of the Carworth Farm Nelson 
strain fed a 60% galactose diet develop cata- 
racts after 32 days. Total time to lens 
opacification in weanling rats of Rochester 
ex Wistar and Holtzman strain animals is 20 
and 13 days respectively. 

Method. Weanling male rats of Carworth 
Farm Nelson (CFN), Rochester ex Wistar 
(RW) and Holtzman (H) strains were 
housed in a room maintained at constant 
temperature. Food and water were available 
ad libitum. The diet contained 60% carbo- 
hydrate, 21% casein, 15% fat (Crisco), 4% 
salt mixture plus a complete vitamin supple- 
ment. Control diets contained 60% glucose; 
experimental diets contained 30% glucose 
plus 30% galactose or 60% galactose. Ex- 
cept when specifically indicated, experimental 
animals were fed the 60% galactose diet. 
Animals were sacrificed by decapitation, 
lenses were removed intact, blotted, weighed 
and ashed at 500°C for 24 hours. The ash 
was dissolved in dilute HCl and potassium 
and sodium determined by flame photometry. 
Lens calcium was precipitated as oxalate and 
determined by a modification of the method 
of Diehl and Ellingboe(9). Concentrations 
of these cations are reported as mEq/Kg tis- 
sue. 

Results. Nutritional State of Animals. 
Galactose fed animals had polyuria and poly- 
dipsia with weight gains significantly below 
that of glucose fed animals. There was no 
difference in rate of weight gain of galactose- 
fed animals of the strain most resistant 
(CFN) or susceptible (H) to cataractogene- 
sis (Table I). 

In the experimental animals of all strains 
studied, equatorial vacuolization, character- 
istic of the initial stage of cataract develop- 
ment, appeared between days 6 and 10. Dur- 
ing the next 3 to 4 days, vacuoles increased 
in size and the extent of lens involved, then 
remained relatively unchanged until 24 to 48 
hours prior to opacification. At this time 
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TABLE I. Body Weights of Carworth Farm Nel- 
son (CFN) and Holtzman (H) Strain Rats Fed a 
60% Galactose Diet. 


Day CEN strain Holtzman strain 

0 45.0 + 1.4* 44.0 + 1.3 

3 50.8 + 1.0 44.4 + 2.8 

6 Deo) Se i) 62.08 Ste13.0 

9 68.4 + 1.0 (te) se Ball 
12 (Koni SS 185) 78.4 + 3.9 
ili) (0) Seca 87.1 + 4.4 
18 UOMO se Bat 99.0 + 2.4 


* Mean + S.E. of 9 animals. 


rapid progression to complete opacification 
occurred. 

Lens Ca Concentrations. Lens calcium 
concentrations were determined in control 
and experimental animals of the CFN strain 
only. No differences in calcium content be- 
tween these groups developed during the first 
20 days (Fig. 1). A slight increase in cal- 
cium content may develop during days 20 to 
30. Other studies have indicated that the 
lens Ca concentration of 7 week old control 
animals of this strain is 1.5 + 0.2 mEq/Kg. 

Lens K. Concentration. Earlier studies 
have shown that in the CFN strain of rat, 
lens potassium on the second day of galac- 
tose feeding is not different from that of the 
controls (37.6 + 3.6 mEq/Kg and 43.6 + 
2.8 mEq/Kg). The later time course of the 
lens potassium concentration in control and 
experimental animals of this strain is shown 
in Fig. 1. Lens potassium concentration is 
significantly below control values on day 4; 
this decreased concentration is maintained 
approximately 48 hours when concentration 
increases to a value approaching that found 
in control animals. Concentration of this ca- 
tion is maintained at approximately 75% of 
control values from day 8 until day 16. At 
this time, 12 days before opacification, an- 
other precipitous drop occurs to a value com- 
parable to that of the mature cataracts. 

In another group of animals of the CNF 
strain fed the 30% galactose diet, initial op- 
thalmologic changes were observed on day 14 
and after 60 days only 50% of the animals 
had developed complete cataracts. On the 
twentieth day of feeding the 30% galactose 
diet, lens potassium concentration was 13.6 
-++ 6.1 mEq/Kg and at 60 days, in the lenses 
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FIG. 1. Lens sodium potassium and calcium concentrations in weanling Carworth Farm Nel- 
son strain rats fed diets containing 60% glucose or 60% galactose. 

FIG. 2. Lens sodium and potassium concentrations in Rochester ex Wistar strain weanling 
rats fed diets containing 60% glucose or 60% galactose. 

FIG. 3. Lens sodium and potassium concentrations in Holtzman strain weanling rats fed 


diets containing 60% glucose or 60% galactose. 


that had not opacified, 23.1 + 1.4 mEq/kg. 
Lens potassium concentration in glucose fed 
animals on day 20 and 50 was 40.0 + 1.5 
and 51.2 + 5.0 mEq/Kg respectively. 

In the RW and H strains a initial reduc- 
tion, similar to that observed in CFN ani- 
mals, occurred in potassium concentration on 
day 4 (Figs. 2 & 3). In these strains, no 
subsequent partial recovery occurred. Con- 
centration of this cation remained at approxi- 
mately 60% of control value until day 8 in 
the most susceptible strain (H) and day 12 
in the RW strain; then, at 5 and 8 days, re- 
spectively, prior to opacification, potassium 
concentration decreased to values character- 
istic of mature cataracts. 

Lens Sodium Concentration. In galactose 
fed animals of the CFN strain, lens sodium 
concentration followed a pattern generally 
reciprocal to that of potassium (Fig. 1). A 
sharp initial rise was followed by a tempo- 
rary restitution of control values. The time 
course of these changes in sodium was the 
same as that described for potassium. 

In the RW strain of rats (Fig. 2) sodium 
concentration rose initially to value 200% 
of that found in control animals. No partial 
reversal occurs in this more susceptible 


strain and this concentration was maintained 
until days 12 to 16 when a further increase 
occurred. As with the CFN strain, changes 
in sodium concentration were reciprocal to, 
but followed the same time course as, those 
found for potassium. 

In H strain, changes in lens sodium changes 
paralleled those seen in RW strain animals 
(Fig. 3). 

Discussion. The polyuria and _ polydipsia 
of the galactose-fed animals reflect the inef- 
ficiency of utilization of this sugar. The find- 
ing of equal weight gains in animals resistant 
(CFN) and susceptible (H) to cataracto- 
genesis suggests that differences in capacity 
to metabolize galactose are not the basis for 
strain differences in cataract susceptibility. 
Other studies(7) have indicated that the 
strain differences, in susceptibility to xylose- 
induced cataractogenesis, appear to reside in 
the lens itself. 

In galactose fed animals of all of the 3 
strains, modification of concentrations of po- 
tassium and sodium is evident on day 4, prior 
to appearance of initial opthalmologic chang- 
es. In only the most resistant strain (CFN) 
was there a partial recovery toward control 
values. In the 2 more susceptible strains of 
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rats, lens sodium concentration remains rela- 
tively unchanged until the time that potas- 
sium concentration decreased, at which time 
sodium concentration rose again. The find- 
ing that sodium and potassium change recip- 
rocally in the CFN strain suggests that this 
partial recovery reflects a real difference be- 
tween this relatively resistant and the other 
more susceptible strains. Length of time that 
potassium concentrations are maintained at 
60 to 70% of control values varies directly 
with degree of strain resistance. In all strains 
a precipitous drop in lens potassium occurred 
prior to opacification. Again, length of time 
between the second fall in potassium concen- 
tration and lens opacification varies directly 
with strain resistance. 


These findings suggest that a critical peri- 
od in studies of the resistance of the CFN 
strain might be centered around days 6 to 8. 
A new energy-yielding metabolic pathway or 
an augmentation of those already present 
may permit partial recovery to the control 
concentrations of sodium and potassium ions. 
In this strain, opacification does not occur, 
in the presence of a depressed lens potassium 
concentration for 12 days while ingesting a 
60% galactose diet and for 25 days when fed 
a 30% galactose diet. 


A single sodium or potassium analysis of 
the lens does not provide an adequate index 
of the progression of cataract formation or 
even to the proximity of opacification. The 
time course and magnitude of the changes in 
lens sodium and potassium concentration ap- 
pear to be characteristic of and dependent 
upon the relative susceptibility of the strain 
employed. 
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Summary. The lens concentrations of so- 
dium and potassium were determined during 
galactose-induced cataractogenesis in 3 
strains of albino rats. Four days after galac- 
tose feeding was initiated, lens potassium 
concentration decreased to 60% and sodium 
concentration increased to 175% of control 
values. In resistant, but not in susceptible, 
strains of animals partial return to control 
concentrations of both of these ions occurred. 
The changed lens sodium and potassium con- 
centrations were maintained for 4-16 days 
depending on degree of resistance in each 
strain. Lens potassium then decreased and 
sodium concentration increased prior to ac- 
tual opacification. The comparable weight 
gains of ad libitum fed animals of resistant 
and susceptible strains suggested that resist- 
ance or susceptibility to cataractogenesis re- 
sides in lens itself. 
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Tissue Catecholamine Content of Cold-Acclimated Rats. 
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The role of the adrenal medulla in produc- 
tion of nonshivering thermogenesis was first 
reported by Cottle and Carlson(1). As a re- 
sult of later work showing that norepine- 
phrine (NE) had a very marked calorigenic 
action in cold-acclimated rats it was postu- 
lated that NE was the mediator of the non- 
shivering heat production in these rats(2). 

Release of catecholamines in response to 
acute cold stress has been noted by several 
investigators(3). Catecholamine levels in the 
adrenal gland of rats during development of 
cold acclimation have been reported by Des 
Marais and Dugal(4), but the catecholamine 
content in other tissues of cold-adapted rats 
has not been previously studied. The effects 
of prolonged cold exposure on catecholamine 
content of rat brain, heart and adrenal are 
reported here. 

Methods. Twenty-four female _ rats 
(Sprague-Dawley) were randomly divided 
into 2 groups. One group, mean weight 185 g 
(range 170-205 g), was placed in a cold room 
at 5-7°C. The other group, mean weight 174 
g (range 165-195 g) remained in the animal 
colony at 25-27°C. After a period of 3-5 
weeks, at which time a maximum metabolic 
response is obtained(5), the rats were sacri- 
ficed. The liver, kidney, heart and brain 
weights were recorded and the epinephrine 
(E) and NE content of the adrenal, heart 
and brain determined by a modification (6) 
of the fluorimetric method of Bertler e¢ ai. 
ee 

Results. At time of sacrifice both groups. of 
rats appeared healthy. Those exposed to the 
cold had a mean weight of 215 g (range 205- 
235), those in the 25-27°C room, a mean 
weight of 198 g (range 180-220 g). Rates of 
increase in body weight for the 2 groups over 
the experimental period were not significantly 
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Toxicology, Dartmouth Medical School, 
IMp, ale 

+ Present address: Dept. of Pharmacology, Univ. 
of Kansas Medical Center, Kansas City, Kan. 
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different. However, whether presented as ab- 
solute organ weights or fractional organ 

( organ weight 
bie ao body weight 
liver, kidney and heart of the cold-adapted 
animals were significantly greater than those 
of the control group (Table I). Brain weights 
of both groups were nearly identical. Since 
it has been shown(8) that brain weight is 
poorly correlated with body weight, fraction- 
al weights of brain are meaningless and 
therefore were not calculated. 


x 100 ) , values of 


Catecholamine content of the adrenal, 
brain and heart of normal and cold-adapted 
rats is recorded in Table II. Brain content 
of catecholamines is similar in both groups. 
Catecholamine content of the heart, when re- 
ported on a pg/g wet weight basis, is marked- 
ly lower in the cold-adapted rats. This dif- 
ference is apparently due to hypertrophy of 
the heart muscle during the period of cold ex- 
posure since if the catecholamine content per 
heart is calculated, the »g of NE are: nor- 
mal, 0.57 + .12 and cold, 0.54 + .16 and 
for E are: normal, 0.07 + .01 and cold, 0.05 
+ .03. The differences between these values 
are not significantly different (for NE, P = 
.6; for E, P = .4). The content of both E 
and NE in the adrenal of cold-adapted rats 
was markedly increased over the values for 
control rats. 


Discussion. In contrast to the reports of 
others(9), we found no significant decrease 
in rate of weight gain in cold exposed rats. 
Our results might be explained by the fact 
that female rats were used in this study 
while most previous studies were carried out 
on male rats. That this sex difference may 
account for our findings is strengthened by 
the report of Baker and Sellers(10), who 
found no obvious weight difference between 
female rats in cold and warm environments 
for 45 days. In agreement with Heroux and 
Gridgeman(8) we found a very obvious hy- 
pertrophy of the liver, heart and kidney but 
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TABLE I. Organ Weights of Normal and Cold-Adapted Rats. 


ee 
TT TT TT Tee 


Absolute weights* 


Fractional weightst 


Organ N Normal Cold 1) Normal Cold 12 
Brain 11 1.74 + .09 1.74 + .04 — _ — — 
Heart 11 .62 + .08 85 + .06 <.01 hl cts {05} 40 + .03 <.01 
Liver 10 6:3) 658 SQ) ae {0 <.01 2 +.384 4.1 + .24 <.01 
Kidney 10 vo == Lt ON == 209 <.01 40 + .04 52 + .06 <.01 


* Mean and stand. dey. of organ weights in g. 
expressed as % of body wt. 


Idem 


not the brain of cold-adapted rats. 

The catecholamine content of the brains 
from normal and cold-exposed rats was essen- 
tially the same. Catecholamine content of 
the heart was reduced in the cold-adapted 
rat when expressed as pwg/g wet weight of 
the heart. This reduction however is appar- 
ently due to hypertrophy of the cardiac 
muscle. It would appear that the hypertro- 
phy of the heart is not accompanied by a 
concomitant increase in the catecholamine 
content. A marked reduction of catechola- 
mines by administration of reserpine pro- 
duces changes in physiological responses of 
the heart, e.g. lowered heart rates(11). The 
slight reduction of catecholamines in the 
cold-adapted rats might in part be the cause 
of the reduced heart rates which have been 
reported in these animals(9). 

In contrast to the reduction of catechola- 
mines in adrenals of rats subjected to acute 
cold stress(13), it was found that upon 
chronic exposure to cold, adrenal catechola- 
mine content was markedly increased. This 
confirms the work of Des Marais and Dugal 
(4), who, however, reported rather low ini- 
tial values for E and NE so that their values 
for the cold-adapted animals were equivalent 
to normal values obtained by other workers. 
When calculated on the basis of »g amine/kg 


body weight, normal values, 148 yg E and 
36 wg NE, are comparable to those reported 
by Hokfelt for female rats(14). When cal- 
culated on the same basis, values for the 
cold-adapted adrenals were 174 pg E and 
54 ug NE/kg bedy weight. Although the 
increase of NE is more marked than that of 
E, the content of both amines was signifi- 
cantly increased over normal values. 

The increased content of adrenal cate- 
cholamines is not necessarily accompanied by 
increased secretion of these amines. To de- 
termine if the development of nonshivering 
thermogenesis of rats is dependent upon an 
increased output of catecholamines from tis- 
sue stores one must measure the actual out- 
put of amines from the tissues, perhaps by 
measuring urinary excretion of the amines 
and their degradation products. Why the 
catecholamines are so markedly increased in 
the adrenal and not in the heart or brain of 
cold-adapted rats is not clear. The increased 
ascorbic acid content of the adrenals in cold- 
adapted rats may play some role in this in- 
crease, either by protecting against destruc- 
tion of formed catecholamines or by stimu- 
lating the synthesis of these amines(15). 

Summary. Exposure of female rats to tem- 
peratures of 5-7°C for 3-5 weeks resulted in 
hypertrophy of the liver, heart and kidney. 


TABLE II. Catecholamines in Cold-adapted and Normal Rats. 


Adrenal Brain Heart 
(ug/adrenal pair) (ug/g) (ug/g) 
Epinephrine Normal (I0)- 29Fl-=e 4.7* (11) .04 +.01 (11) 11 + 05 
Cold (11) 37.4 + 5.0 (10) .04 + .02 (11) .06 + 03 
12 <a) =.7 =,.02 
Norepinephrine Normal (4b) 70) Se sysil (aly gas) sue ill (11) 94 4 25 
eae: Cold Ci) eG eee 2.6 GO Aay= +-.08 (lub) Actheeraliy 
1p Ze ADI =~.9 <.01 


tions. 


* Figures represent mean + stand. dey. Numbers in parentheses represent No. of determina 
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In these rats the catecholamine content of 
the brain was unchanged, while that of the 
heart was reduced and the adrenal increased. 
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B. N. PREMACHANDRA} AND C. W. TURNER 
Department of Dairy Husbandry, University of Missouri, Columbia 


Mean biological half-life of thyroxine 
(t!%) in a group of 16 normal dairy cows 
was observed to be 2.47 days and a turnover 
rate of 28.4% per day(1). The present 
study was concerned with influence of hyper- 
thyroidism on t/% of thyroxine. Hyperthy- 
roidism was defined in cattle in terms of 50 
and 100% increase above their estimated 
winter thyroxine secretion rate (TSR). 

Methods and materials. TSR was deter- 
mined in late winter in lactating cows of sev- 
eral breeds by replacement technique(2). All 
animals were maintained in dry lot with free 
access to iodized salt. In each experiment 
300 pc of carrier-free 1-thyroxine-I'*' was 
injected intravenously and blood samples 
taken from jugular vein each day following 
injection of hormone. Measurements of radio- 
activity of plasma were made in a Na- 
tional Radiac scintillation well counter (Mod- 


*Contribution from Missouri Agri. Exp. Station. 
Journal Series No. 2255. Approved by Director. 

t Aided-in-part by a grant from U. S. Atomic 
Energy Commission. 

+ Present address: Inst. of Exp. Pathology, Jewish 
Hosp., St. Louis, Mo. 


el SA-2D) and conventional corrections were 
made for decay of isotope and for back- 
ground. Disappearance of radioactivity in 
plasma from day to day followed an expo- 
nential course. In all experiments 4 g Tapa- 
zole/1000 lb body weight/day was adminis- 
tered to each animal to prevent recycling of 
I'8' from thyroxine-I'*! metabolism(3). Plot 
of disappearance of I'*! from plasma was ex- 
traploted back to zero time (time of injec- 
tion) and biological half-time (t’%) of thy- 
roxine was determined graphically or from 
slope of regression line(1). t'% represents 
time required by animal body to eliminate 
one-half of I’*' in blood. 

Eight animals, after they had attained 
peak milk production, were injected for sev- 
eral months with 1-thyroxine (T,) subcut- 
aneously daily, 50% in excess of estimated 
winter TSR, and its effect on milk produc- 
tion noted. t% of 1-thyroxine-I'*! was de- 
termined during this period of hyperthyroid- 
ism. In 2 animals, (a Guernsey and Jersey- 
Holstein cross) the level of T, injection was 
further raised to equal twice normal estimat- 
ed TSR of animal. t’% of 1-thyroxine-I?*! 
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TABLE I. Influence of Hyperthyroidism on Biological Half-Life of Thyroxine-I in Dairy 
Cattle. 


Estimated nor- 
mal daily TSR 
(mg/100 Ib 


Biological half-life (T14) of thyroxine-I™ 
—— Hyperthyroid ———_, 


50% above 100% above 


Animal No. and breed body wt) Normal animals normal normal 
24 (Brown Swiss) 155 2.383 + .05 1.07 + .02* 

Mae Fe en) 4 2.25 + .06 gel) Se Iso” 

869 (Holstein) 6 Pelee M2 sate 03? 

CHAT UST @ Se Sens 5 PES) ca Alii OE) at AOS? 

Bice (eee ee) 4 2.29 + .06 Ud a= Wee? 
630 (Jersey) 6 2.50 + .09 LOO) se ike? 

38 (Guernsey ) 4 2.35 + .07 1.10 + .04 ctekepetaes cell 
601 (Holstein-Jersey cross) Oo 2.40 + .06 1.05 + .03@ 89 + .250 
Mean 49 2.32 1.05 


* Lactational response to thyroxine treatment was considered as positive “ when an inerease 
in milk production of at least 20% over pre-treatment level was obtained. 


was again determined in these 2 animals. 
Effect on milk production was also noted. 


Results. Half-life (t%) of thyroxine-I'*! 
for group of 8 normal cows was 2.32 days. 
When maintained in hyperthyroid state 50% 
above their estimated daily TSR by exoge- 
nous T,, the t!%4 was reduced to 1.05 days, a 
reduction of 54.3% (Table I). Two cows in- 
jected with T,; 100% above TSR showed a 
further reduction (t% = 0.89 days). The 
range of t! in individual cows was minimal. 


All cows showed increases in milk yield of 
20% or more at 50% above normal T, level, 
but showed little or no further increase at 
100% above normal level. 


Discussion. When dairy cows were main- 
tained in a hyperthyroid condition by injec- 
tion of Ty 50% above their winter TSR, it 
was observed that rate of disappearance of 
thyroxine-I'*! from blood was doubled. In- 
creasing T, injection to 100% above winter 
TSR further decreased t¥%2. Milk production 
in all cows at 50% above normal level of T, 
increased 20% or more and the increase was 
sustained for many weeks. Increase to 100% 


above normal level of T, had little or no fur- 
ther influence upon lactation. 

These data indicate that hyperthyroidism 
tends to increase rate of Ty, metabolism in 
somatic cells. While T, metabolism may oc- 
cur by 3 pathways, (1) deiodination in cells 
and excretion of I/*! in urine, (2) glycuro- 
conjugation in liver and excretion in bile, and 
(3) oxidative deamination, present method 
determines only total elimination of thyrox- 
ine-I'#! from blood. 

From these observations it would appear 
that body has a mechanism for protection 
against (in cases of) hyperthyroidism by de- 
crease in t!%4 of thyroxine. In study of in- 
duced hyperthyroidism a dose of T, would 
not be directly related to degree of hyper- 
thyroidism since t'% of thyroxine would 
gradually decline as level of T, increased. 


1. Pipes, G. W., Premachandra, B. N., Turner, 
C. W., J. Dairy Sci., 1959, v42, 1606. 

Be , ibid., 1957, v40, 340. 

3. Premachandra, B. N., Pipes, G. W., Turner, 
C. W., J. Animal Sci., 1960, v19, 553. 
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Long-Term Effect of Estrogen and Progesterone on Mammary Gland 
Growth in 3-Methylcholanthrene Treated and Non-treated 


Ovariectomized 'Rats.* 


(26487 ) 


Henry C. DamMt aNp CHARLES W. TURNER 
(With technical assistance of Mary E. Powell) 
Department of Dairy Husbandry, University of Missouri, Columbia 


Normal mammary gland growth and de- 
velopment of mammary gland carcinomas ap- 
pear to be hormone dependent. Estradiol 
benzoate (EB) and progesterone (P), in- 
jected into rats in optimal levels, will pro- 
duce mammary gland development (as de- 
termined by DNA estimation) equivalent to 
that produced during normal pregnancy(1). 
Further mammary gland growth may be ob- 
tained experimentally in the rat by concomi- 
tant administration of other hormones(2,3). 
Increased mammary gland growth has been 
observed after recurrent pregnancies in the 
mouse(4). Since above evidence indicated 
possibility of increased growth, it seemed de- 
sirable to determine effect of long term in- 
jection of optimal levels of EB and P on 
mammary gland growth in ovariectomized 
rat. 

Rapidity of development of mammary 
gland carcinoma in rat by 3-methylcholan- 
threne has been shown to be dependent upon 
hormonal status of animal(5,6). Ovariecto- 
mized rats develop tumors much less rapidly 
or consistently than normal controls, while 
those treated with either estrogen or proges- 
terone appear to develop carcinoma at a 
more rapid rate. Therefore, it was felt that 
effect of 3-methylcholanthrene on mammary 
gland growth produced by long term injec- 
tion of optimal levels of EB plus P should 
be studied. 

Materials and methods. Young, mature 
female albino rats of Sprague-Dawley-Rolfs- 
meyer strain were ovariectomized and fed a 
commercial laboratory animal feed. Two 
weeks after ovariectomy animals were di- 


* Contribution of Mo. Agr. Exp. Sta. Journal 
Series No. 2256. Approved by Director. 

+ Postdoctoral Research Fellow of Nat. Cancer 
Inst. This investigation supported in part by grants 
from U.S.P.H.S. and Am. Cancer Soc. 


vided into groups receiving 1 »g EB plus 3 
mg P daily, 3-methylcholanthrene (3-me) 
alone, 3-me plus 1 pg EB and 3 mg P daily, 
and 3-me plus 2 »g EB plus 6 mg P daily. EB 
and P were dissolved in an olive oil carrier 
such that 0.1 ml solution was injected sub- 
cutaneously daily. Ten mg 3-me was admin- 
istered orally by forced intubation twice 
weekly for a period of 7 weeks. This dose 
has been reported adequate for production of 
mammary gland carcinoma in approximately 
50% of intact animals within this period(5). 
Groups of rats receiving EB plus P daily 
were sacrificed after 20, 30, 40 and 50 days. 
All groups receiving 3-me were sacrificed 
after 50 days. The 6 posterior mammary 
glands were removed and frozen. DNA was 
determined as described previously (1). 

Results. Mean total DNA/100 g B.W. of 
rats receiving EB plus P for 20 days was 
significantly greater than ovariectomized rats 
receiving E alone (Table I). Although DNA 
values generally increased up to 40 days of 
injection, no significant differences were 
found between groups injected for varying 
lengths of time up to 50 days, indicating only 
slight additional growth is produced by long- 
term treatment with EB and P. 

Mammary gland DNA of rats receiving 3- 
me alone was not significantly different from 
that of ovariectomized controls, indicating 
that this level of carcinogen was ineffective 
in production of mammary gland growth. 
DNA of mammary glands of rats receiving 
either 1 »g EB plus 3 mg P daily for 50 days 
plus 3-me, or 2 »g EB plus 6 mg P daily for 
SO days plus 3-me was significantly depressed 
as compared to DNA of rats receiving only 
1 wg EB plus 3 mg P for 50 days, indicating 
an inhibitory mechanism of action of 3-me. 
No mammary tumor formation was observed 
in these rats on gross visual inspection. 
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TABLE I. Effects of Estradiol Benzoate (EB), Progesterone (P) and 3-Methyleholanthrene on 


DNA of Rat Mammary Glands. 


a TUE NS en ee 
eee 


6 posterior mammary glands————_, 


No. of Mean 

Treatment rats body wt, g 
lug EB+3mgP 20 days 15 221 
Idem 30a? 12 231 
id 40 ” 10 246 
a 50” 15 252 
3-methyl cholanthrene, 50 days 12 270 
3-methyl cholanthrene,lyg EB 12 266 


-+ 3 mg P, 50 days 
3-methyl cholanthrene,2 yg EB 12 272 

+ 6 mg P, 50 days 
Ovariectomized controlst 
1 ug EB, 19 dayst 5 
lug EB + 3 mg P, 19 dayst 19 


DFFT,* DNA (ug)/ Total DNA/100¢g 
mg DFFT (mg) DNA,mg BW,mg 
430 37.5 16.13 7.3 +.604 
408 44.7 18.25 Ue) see 
396 52.8 20.91 8.5 +.76 
442 46.7 20.66 8.2 +.55 
243 36.6 8.91 3.3 +.40 
362 49.2 17.82 6.7 +.63 
375 44.96 16.86 6.2 +.52 
359 23.20 3.05+.14 
485 22.86 4.48+.15 
590.1 35,65 724.25 


* Dry, fat-free tissue. 


Discussion. Using DNA as an index of 
growth, it has been shown that a 1 to 3000 
ratio of EB to P injected for 19 days pro- 
duced growth equivalent to that observed in 
mammary glands of rats on 19th day of preg- 
nancy(1). Recent evidence(7), however, in- 
dicated that approximately 40% of mam- 
mary gland growth occurs after parturition. 
Recurrent pregnancy has been shown to 
stimulate greater mammary gland growth in 
mouse(4), indicating that some form of hor- 
monal stimulation over a longer period of 
time may be effective. Present study indi- 
cates that long term injection of constant 
levels of EB plus P is ineffectual in producing 
significantly greater growth than that pro- 
duced during 19-20 days. However, it is 
significant that during 50 days injection pe- 
riod, DNA remained above level observed 
on 19th day of pregnancy, indicating that 
this hormonal treatment prevented involu- 
tionary changes. It would appear that other 
hormones, or other levels of these 2 steroids 
may be involved in production of greater 
growth than that observed during pregnancy. 
That greater growth may be produced over a 
19 day period by synergism of thyroxine and 
growth hormone with above steroids has been 
shown(2,3). 

It was noted that 3-me reduced mammary 
gland development by approximately 25% in 
animals receiving either 1 »g EB plus 3 mg 
P or double that amount. 


t Data from Moon et al.(1). 


t Stand. error of mean. 


Levels of 3-me used were observed to pro- 
duce carcinogenic changes in intact animals 
(5). Present study indicates that levels of 
hormone injected in the 3-me treated ovariec- 
tomized animal prevented observable tumor 
development. 

Summary. Administration of 1 pg estra- 
diol benzoate plus 3 mg progesterone into 
ovariectomized rats for 20 days produced 
mammary gland DNA levels comparable to 
those observed in rats on 19th day of preg- 
nancy, while continued injection for periods 
of 30, 40 and 50 days did not significantly 
increase observed growth. However, no in- 
volutionary changes were noted with long- 
term injection, indicating a maintainence of 
the lobule-alveolar system. Administration 
of 10 mg 3-methylcholanthrene twice weekly 
for 7 weeks reduced mammary gland growth 
by approximately 25% in ovariectomized 
rats given 1 pg estradiol benzoate plus 3 mg 
progesterone or twice this amount. These 
hormones prevented development of obsery- 
able mammary tumors. 
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Reaction of Rheumatoid Sera with Fragments of Papain-Digested Rabbit 


Gamma Globulin.* 


JorL W. GoopMAN 


(26488 ) 


(Introduced by Ernest Jawetz) 


Department of Microbiology, University of California Medical Center, San Francisco 


Sera from a large proportion of patients 
suffering from rheumatoid arthritis react 
with rabbit gamma globulin as demonstrated 
by hemagglutination(1,2) and quantitative 
precipitin(3,4) technics. The reactant ma- 
terial in these sera has been termed “rheu- 
matoid factor” and has the physicochemical 
properties of a gamma macroglobulin(5). 

Porter(6) chromatographed a papain di- 
gest of rabbit gamma globulin on carboxy- 
methylcellulose and obtained 3 fractions. 
These fragments (designated Fractions I, I, 
and III in the order of chromatographic elu- 
tion) all had sedimentation constants of 
about 3.5S and molecular weights of about 
50,000, 50,000, and 80,000, respectively (7). 
Fractions I and II were similar in chemical 
and biological properties. When antibody 
globulin was digested, each had the power 
to combine with, but not to precipitate, the 
homologous antigen. Fraction III showed 
no antibody activity but appeared to carry 
most of the antigenic determinants of the 
native molecule as determined by its ability 
to precipitate with antisera to rabbit gamma 
globulin. 

In view of this localization of the antigenic 
determinants of rabbit gamma globulin on a 
fragment comprising about 40% of the intact 
molecule, it was of interest to determine 
which fragment or fragments of the papain 
digest were involved in reaction with rheu- 
matoid factor. This would serve as a first 
step in comparing the structural units of the 
globulin molecule involved in reaction with 
rheumatoid factor and with specific antibody 
to rabbit gamma globulin. 


* Supported by grants from Nat. Science Founda- 
tion and Research Committee, Univ. of California. 


Materials and methods. y-Globulin. Rab- 
bit gamma globulin (RGG) was prepared by 
sodium sulfate precipitation according to the 
method of Kekwick(8). Paper electrophore- 
sis of the preparation demonstrated a single 
component with the mobility of y-globulin. 

Crystalline papaint was prepared from 
crude enzyme powder and crystallized as the 
inactive mercury dimer(9). It was lyophil- 
ized and stored as the dimer. 


Sera. A pool of sera from rheumatoid 
arthritis patients was kindly provided by Dr. 
Wallace V. Epstein, Dept. of Medicine, Univ. 
of California, San Francisco. The titer of 
this rheumatoid pool (RP) for tanned sheep 
erythrocytes coated with human y-globulin 
(Cohn Fraction II) was 1:7000. In 3 ex- 
periments using tanned sheep RBC coated 
with RGG, the titer was found to be 1:896 
to 1h 792. 


Mice were immunized? with Fraction I of 
papain-digested RGG. The antigen was in- 
corporated into a medium consisting of equal 
volumes of saline and Freund’s adjuvant. 
Mice received 3 injections, each containing 
1.0 mg of Fraction I. They were bled 10 
days after last injection and the sera pooled. 

Prior to use in experiments, all sera were 
incubated at 56°C for 30 minutes to inacti- 
vate complement and absorbed with an equal 
volume of washed packed sheep RBC for 18 
hours at 4°C to remove heterophile antibody 
activity. 


t Mercuripapain was prepared while the author 
was at the laboratory of Dr. R. R. Porter, Nat. Inst. 
for Medical Research, London, England. 

{ Mice were immunized and bled by Dr. Leon S. 
Kind, Dept. of Microbiology, Univ. of California, 
San Francisco. 


: 
: 
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Digestion and chromatography. RGG was 
digested with one percent mercuripapain and 
fractionated on carboxymethylcellulose 
(CM-cellulose) (10,11) as described by Por- 
ter(6). Three chromatographic peaks were 
obtained, corresponding to Porter’s Fractions 
I, I, and II (FI, FI, and FIII). For one 
experiment, FII was rechromatographed on 
CM-cellulose using 0.01 M sodium phosphate 
buffer, pH 6.0. It was found that FII was 
eluted from the column with this buffer 
whereas FIII was retained, thus effecting a 
complete separation of these 2 components. 
FIIT could be eluted with 0.2 M phosphate 
buffer, pH 7.0. Protein concentrations were 
determined by reading the absorption at 280 
and 260 my» in a spectrophotometer. 

Hemagglutination tests. The capacity of 
RP and the mouse anti-FI pool to agglu- 
tinate sheep RBC coated with RGG and the 
fractions was determined. Erythrocytes were 
treated with tannic acid and coated with 
RGG or one of the fractions according to 
Heller et al.(12). Protein solutions were 
absorbed with washed sheep RBC prior to 
coating tanned cells in order to remove he- 
terophile antibody activity. One-half ml of 
serial 2-fold dilutions of serum and 0.5 ml 
of a 0.25% suspension of coated erythrocytes 
were mixed in the tests. Dilutions were 
made with buffered saline, pH 8.0, in assays 
with RP. It was found that the mouse pool 
did not give stable endpoints in saline so in 
assays with this serum the 0.25% suspension 
of RBC was made up with buffered saline 
containing 2% bovine serum albumin(13). 
Hemagglutination endpoints were stable un- 
der these conditions. Degree of hemagglu- 
tination was read as 4+ (very strong) to— 
(absent) from the settling pattern of the 
cells following overnight incubation at 4°C. 
Control tubes containing tanned, uncoated 
RBC plus serum were included in each ex- 
periment. These never showed detectable 
agglutination. 

Hemagglutination-inhibition tests. The 
capacity of RGG and of the fractions to in- 
hibit agglutination of RGG-coated cells by 
RP was determined. A dilution of RP giv- 
ing 4+ agglutination was used in these as- 
says. Varying amounts of the inhibitors were 
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TABLE I. Hemagglutination of Coated Cells by 
Rheumatoid Pool. 
Coated RBC Titer 
+y-Globulin 1:896 

1:896 
Fraction I <1;28 
< 1:28 
ee <alis28 
Shrike} 
IIT 1:448 
1:448 


added to tubes containing 0.5 ml of RP. 
One-half ml of a 0.25% suspension of coated 
cells was then added to each tube, giving a 
total volume of 1.5 ml. Control tubes con- 
taining the following were included in each 
experiment: 1) coated RBC plus RP; 2) 
tanned, uncoated RBC plus RP; 3) coated 
RBC plus inhibitor. The latter two always 
failed to show detectable hemagglutination. 
The rest of the procedure was as described 
above. 

Results. Table I gives the results of he- 
magglutination tests of RP with cells coated 
with RGG and the fractions. Titers are 
shown for 2 independent determinations. 
RGG-coated cells and FIII-coated cells were 
agglutinated by serum dilutions of 1:896 and 
1:448, respectively. The titers for cells 
coated with FI and FII were less than 1:28, 
this being the lowest dilution of RP tested. 

To demonstrate that the negative results 
obtained in hemagglutination tests of RP 
with FI and FII-coated cells were not due 
to inability of these fractions to coat tanned 
RBC, hemagglutination tests using coated 
cells and the mouse anti-FI pool were per- 
formed. The titers obtained in 2 experi- 
ments are given in Table II. Cells coated 


TABLE IT. Hemagglutination of Coated Cells by 
Mouse Anti-FI Serum. 


Coated RBC Titer 
+-Globulin 1:3584 
1:3584 

Fraction I 1:3584 
1:3584 
II 1:3584 

1:3584 

III 1:896 

1:896 
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TABLE IIT. Inhibition by RGG and Fractions of 
HA of RGG-Coated Cells by Rheumatoid Pool. 


Amt of Inhibitor 

inhibi- — y-Glob. FI (NOE UDO es MED 

tor (mg) Hemagglutination readings 

001 +4,+4 +4,+4 +4,4+4 44 +4,+3 
002 +4 
004 +3 
008 a 

Ol 42,42 44,44 44,44 +4 ——,— 
05 —,— +4,4+4 +3,+3 +3 —,—,— 
10 pena Sees ape at 
50 a ee “Peay ae magi BES ame 


* Fraction IL rechromatographed on CM-cellulose 
column, pH 6.0, 


with FI and FII were as strongly aggluti- 
nated as cells coated with RGG, the titer be- 
ing 1:3584 in each case. Cells coated with 
FIII were agglutinated to a titer of 1:896. 
It had previously been shown that a rat an- 
tiserum to FII cross-reacted very strongly 
with FI but only weakly with FIII(6,7), in- 
dicating that FI and FII are very similar 
antigenically and almost but not completely 
distinct from FIIT. 

The results of experiments to determine 
the effectiveness of RGG and the fractions 
in inhibiting agglutination of RGG-coated 
cells by RP are given in Table III. FIII 
was a more effective inhibitor than RGG on 
a weight basis, 0.01 mg of the former causing 
complete inhibition while this amount of the 
latter produced only partial inhibition. On 
a molar basis, they might prove very similar 
in inhibiting capacity. It is not possible, 
however, to make critical quantitative com- 
parisons on the basis of hemagglutination 
readings. The inability of FI to cause de- 
tectable inhibition and the low inhibiting ca- 
pacity of FII over the concentration range 
tested indicates that the former is not at all 
involved and the latter only weakly involved 
in reaction with rheumatoid factor. The pos- 
sibility existed that the weak inhibiting activ- 
ity of FIT was due to contamination with a 
small amount of FIII as separation of these 
2 chromatographic peaks was incomplete un- 
der the conditions employed(6). Although 
precaution was taken to minimize cross-con- 
tamination by discarding the effluent in the 
overlap area of the chromatogram, in order 
to make certain that contamination was not 
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responsible, FII from a CM-cellulose column — 


developed at pH 6.0 was used in one experi- 
ment. Table III shows that weak inhibiting 
capacity was still present and appears, there- 
fore, to be an inherent property of FII. 

Discussion. The results show that most 
of the reactivity of RGG with RP is associ- 
ated with FIII of the papain-digested mole- 
cule. Erythrocytes coated with FI and FII 
were not agglutinated by RP whereas cells 
coated with RGG and FIII were strongly ag- 
glutinated. FI was unable to inhibit agglu- 
tination of RGG-coated cells by RP. FII 
was able to inhibit agglutination at higher 
concentrations but was a much less effective 
inhibitor than either FIII or RGG. The re- 
sults suggest that FIII and RGG are about 
equally effective inhibitors on a molar basis, 
which would be expected if almost all the 
reactive groups are located on the FIII seg- 
ment of the RGG molecule. Since the inhibi- 
tion tests indicate that FII does react weakly 
with rheumatoid factor, the absence of ag- 
glutination of FII coated RBC by RP might 
possibly be due to physical blockage of the 
structural unit involved by virtue of attach- 
ment of the molecule to the surface of the 
red cell. Should this be the case, it would 
mean that different structural units are in- 
volved in reaction with RP and with mouse 
anti-FI serum since the latter was capable 
of agglutinating FII coated cells. An alter- 
nate explanation might be that the cells were 
insufficiently coated to give detectable ag- 
glutination, since the reaction with RP is 
weak at best. 

FIII has been found to be the carrier of 
several properties characteristic of RGG. In 
addition to possessing most of the reactivity 
of the molecule with specific antisera(6,7) 
and, as shown here, with rheumatoid factor, 
of the 3 fragments it most closely resembles 
the parent molecule with respect to transmis- 
sion across the foetal yolk-sac membrane of 
the rabbit(14). The order of transmission 
across the membrane was found to be FIII> 
FII>FI, identical to the order of reactivity 
with RP. The configurations on the y-globu- 
lin molecule comprising the antigenic deter- 
minants, the units involved in reaction with 
rheumatoid factor and those recognized by 
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rabbit cells as homologous y-globulin are 
therefore largely located on a segment com- 
prising about 40 percent of the parent mole- 
cule. It will be necessary to obtain much 
smaller active fragments of FIII in order to 
establish the relationships of the chemical 
groupings responsible for these properties. 

Summary. Most of the reactivity of rab- 
bit y-globulin with a pool of sera from rheu- 
matoid arthritics was found to be associated 
with Fraction III of the papain-digested 
globulin molecule. Fraction IT showed a low 
degree of reactivity while Fraction I ap- 
peared to be completely inactive. 
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Rat virus (RV) was first recognized in 
rat embryo tissue cultures inoculated with 
materials from tumor-bearing rats. In such 
cultures the production of specific cytopatho- 
genic effects (CPE) and of hemagglutinins 
indicated activity of the virus(1). Prelim- 
inary tests in animals failed to reveal patho- 
genic properties of RV. The present report 
describes (a) a fatal disease induced by RV 
in hamsters of one to 4 days of age, (b) oc- 
currence of virus and viral hemagglutinins in 
the tissues and fluids of these animals and 
(c) spread of virus to uninoculated hamsters. 
Sucklings which happen to survive the acute 
disease may develop a stunted growth re- 
sembling mongolism. This dwarfism has 
been reported previously (2). 

Materials and methods. Modifications 
and extensions of procedures not previously 
described(1) are given below. 

Virus. The strain of virus used through- 
out current work was RV-13, which was car- 


ried through approximately 12 rat embryo 
tissue cultures and 4 passages in suckling 
hamsters prior to a final passage in rat em- 
bryo tissue culture. This tissue culture seed 
virus lot which was stored at —40°C, had an 
HA“ titercof 17512 and an,.LD;, of 10, as 
measured by deaths induced in 1-day old 
suckling hamsters within a period of 10 days. 
As described below, a 10° dilution of the 
seed induced dwarfism but no acute fatal dis- 
ease. 

Inoculation and harvesting of hamsters. 
Syrian hamsters from the Animal Production 
Center of the NIH were inoculated as suck- 
lings by the intracerebral route. Uninocu- 
lated control animals were retained in each 
litter tested; controls were identified by clip- 
ping a portion of their tails. Animals har- 
vested at various stages of infection were an- 
aesthetized, decapitated and exsanguinated 
into a dish moistened with heparin. Blad- 
ders were then clamped and incised in order 
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TABLE I, Effects of Rat Virus (RV) in Suckling Hamsters of Different Ages. 


Age of hamsters at time of inoculation* 


<24 hr 4 days 5 days 6 days 
Conditions indueed by RV Acute fatal disease 56/56 35/47 None None 
Mongolism None 12/47 is 
Latent infection if None 2/2 2/2 
Tissues t Kidiey Kidney Liv. & kid. Liv. & kid. 
Titrations HA 81,920 40,960 1280 0 
Infectivity Meoik Ties 7.0 4.8 


* Hamsters inoculated intracer. with 10' LD, of RV from 4th hamster passage. 
t Tissue pools were from 2 to 3 hamsters, killed 5 days after inoculation. 
{ Titers expressed as inverse log of dilution killing 50% of hamsters <24 hr old. 


to collect urine. A usual procedure was to 
freeze all specimens immediately after har- 
vesting and to store them at —40°C until 
testing was undertaken. All specimens for 
determination of presence of virus were 
finally made into 1:10 suspensions with me- 
dium 199 containing 10% calf serum, plus 
penicillin and streptomycin, and clarified by 
repeated centrifugations at 2500 rpm. 


Infectivity titrations. Titrations of tissue 
suspensions and other materials for infective 
virus were performed by intracerebral in- 
oculation of hamsters less than 24 hours of 
age with serial, 10-fold dilutions. The ani- 
mals wree then observed over a period of 10 
days and 50% end-points, based on deaths 
and survivals, were calculated by the method 
of Reed and Muench(3). 

Hemagglutination (HA). In these tests, 
the specimens of tissue and body fluids, clari- 
fied by centrifugation as described above, 
were carried through serial 2-fold dilutions 
in buffered saline (pH 7.4) in volumes of 
0.4 ml. An equal volume of a 0.5% suspen- 
sion of washed guinea pig erythroctyes was 
added and the cells were allowed to settle for 
one hour at room temperature. ‘Titers were 
then read from patterns formed by the eryth- 
rocytes at the bottoms of the tubes. Results 
of these HA titrations were expressed in 
terms of actual dilutions of the virus suspen- 
sions prior to addition of red cells. 

Serologic tests were of 2 types. In _he- 
magglutination-inhibition (HI) tests, serial 
2-fold dilutions of serum were made in buf- 
fered saline, in volumes of 0.2 ml and 8 to 16 
HA units of RV were added in equal vol- 
umes. After this mixture had incubated for 


Y hour at 36°C, 0.4 ml of 0.5% of guinea 
pig erythrocytes were pipetted into each 
tube. Results were read by the pattern 
method after one hour at room temperature. 
As in the HA tests, final results were read in 
terms of actual dilutions of the material 
tested prior to addition of other constituents, 
i.e. of virus and RBC. Neutralization tests 
(NT) were performed with equal volume 
mixtures of undiluted serum and of virus sus- 
pension containing 10 to 100 LD5o’s of RV; 
such mixtures, after “% hour of incubation at 
36°C, were inoculated intracerebrally into 
hamsters less than 24 hours of age. All sera 
used, in both types of serologic tests, HI and 
NT, were inactivated by heating at 56°C for 
Y, hour. 

Results. Infection and disease. RV can 
produce acute fatal disease, a stunted form 
of growth resembling mongolism, or a latent 
infection, depending on dosage and age of 
the hamsters at time of intracerebral inocu- 
lation. These effects are outlined in Table I. 
The acute disease, induced in sucklings of 
from less than one to 4 days of age by 
10‘LD;) of RV was manifested on the 4th to 
the 8th day by a slight anal exudate, a dark 
red color of the intestinal tract visible 
through the skin of the abdomen, and gener- 
alized weakness. Sucklings with these signs 
usually died within hours, with stomachs full 
of milk. Some of the hamsters in the group 
inoculated at 4 days of age had a severe ane- 
mia when moribund 7 to 8 days after inocu- 
lation. Thus only a small amount of thin, 
watery blood could be obtained when these 
animals were decapitated under anaesthesia. 

A stunted form of growth associated with 
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TABLE II. Results of HA and Infectivity Tests for Presence of Virus in Tissues of Suckhng Hamsters 
Inoculated with RV When 4 Days of Age. 
SSS 


Day Titers of tissue suspensionst 
after ee are HA———— —— ———Infectivity for hamsters IC-—— 
moe.* Liv. Kid. Gut Brain Blood Urine Liv. Kid. HS Brain Blood Geen Comment 
2 Nonet None None None le 4.2 None Well 
4 20480 20480 80 #3 3 6 6 3.6 Bi 3.6 Hy 
5 40960 40960 640 7 ize 5.8 3.8 Some mor- 
tality 
6 20480 10240 640 a 80 fay Yas 4.8 Si 0.6 Max mor- 
tality 
7 2560 1280 2560 oD oO. 5.6 
8 None None None Be By yp) Moribund 


* Hamsters inoculated IC with 10‘ LD, of RV. 


t Tissues from 2 to 3 hamsters pooled for each determination. 
¢{ None: For HA test, means no hemagglutination at a starting dilution of 1:80. For infectivity test, 


means no virus isolated from a 1:10 suspension. 


§ Titers expressed as inverse log of dilution killing 50% of hamsters <24 hr old. 


defective incisor teeth was a second type of 
disease encountered among the sucklings in- 
oculated as 4 day-olds. This form of dis- 
ease has been described in newborn hamsters 
inoculated with sublethal amounts of RV(2). 

Latent infection, a third condition induced 
by RV, was encountered in hamsters receiv- 
ing RV at 5 or 6 days of age. Hemagglutin- 
ins were demonstrable in tissues from suck- 
lings inoculated when 5 days old, but not in 
those inoculated at 6 days of age (Table I). 
Infective virus was recovered from hamsters 
of both age groups but the amount detectable 
in the older animals was less. 

RV has been carried through 20 continu- 
ous passages in suckling hamsters. Tests si- 
milar to those done with 4th passage hamster 
virus (Table I) were undertaken with 10th 
passage hamster virus; the results were com- 
parable. Most of these passages were made 
by means of 10% suspensions of pooled liv- 
ers and kidneys, given by the intracerebral 
route. Intraperitoneal, subcutaneous and 
intranasal inoculations have also proved to 
be effective in transmission. In the later part 
of the work the inocula were held at 65°C 
for 15 minutes on an assumption that this 
heating might eliminate adventitious agents, 
if such were present. Such heating has had 
no apparent effect on the infectivity of RV. 

Hemagglutinins and infective virus. The 
pathogenesis of RV-infections in suckling 
hamsters can be followed to some extent by 


testing various tissues and body fluids for 
amounts of RV present on successive days 
after inoculation. Table II gives results of 
2 types of viral titrations on materials from 
sucklings inoculated as 4-day-olds and _sac- 
rificed 2 to 8 days later. 

It is apparent from the tabular data that 
viremia was detected as early as the 2nd day 
by means of infectivity titration but circu- 
lating hemagglutinins were not demonstrated 
even on the 5th day when intensity of the 
viremia was at its peak and when hemagglu- 
tinins reached their maximum titer in the 
liver and kidney. Virus as determined by 
both procedures was present in largest 
amounts in liver and kidney but occurred 
also in brain, gut and urine. There was only 
a rough correlation between the results ob- 
tained by the 2 titration procedures. When 
hemagglutinins were demonstrable in a speci- 
men the infective titer of that material was 
usually in excess of 10°. However, not all 
specimens with such amounts of infective vi- 
rus gave positive results in the hemagglutin 
tests, viz., blood. Neither hemagglutinins 
nor infective virus were demonstrated in tis- 
sues, urine or blood of 2 groups of normal 
unexposed hamsters sacrificed when 5 and 10 
days of age respectively. 

Spontaneous transmission of RV. Data 
presented in Table II suggested that RV was 
shed into the environment from both urinary 
and intestinal tracts and raised the question 
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TABLE III. Spontaneous Transmission of RV among Hamsters. 


Uninoculated hamsters 


HI-antibodies 


No. ani- Duration 


Exposure to RV Age mals in of No. sera No. Range 
infected litter group group exposure Disease tested positive of titers 
Direct (in same jar) Newborn 9 6-9 days Fatal None — —_— 
6-9 days 
4daysold 12 3 wk None 6 6 320-1280 
Mothers 8 Sie 8 8 160-1289 
(whose yng 
were ino¢. ) 
Long, indirect (same Motherst 5 1-2 days is 5 None* 
room) ; transient, di- ee k Sok ” ia ” 


rect (ate inoc. young) 


* None: No hemagglutination at starting dilution of 1:80. 
+ These mothers lost their young, through cannabalism, within a few days of birth. 


as to the extent to which spontaneous trans- 
mission might take place. Table III shows 
that such transmission occurs. In one ex- 
periment involving litters of newborn ham- 
sters, 9 of the 9 uninoculated controls de- 
veloped the same type of fatal illness as 
their inoculated littermates. However, the 
former died within 6 to 10 days while the 
latter succumbed in 4 to 5 days. Pooled liv- 
ers and kidney tissues from several of the 
spontaneously infected hamsters had HA 
titers of 1:10,240. In contrast, uninoculated 
animals among the 6 litters which were in- 
jected when 4 days of age, remained well 
even though they became infected as evi- 
denced by the development of HI antibodies 
(Table III). Table III also shows that RV 
spread, spontaneously, to the mothers of in- 
fected litters. Although these adults dis- 
played no signs of infection, they had circu- 
lating HI antibodies when tested 3 weeks 
after inoculation of their young. Postpartum 
hamsters, nevertheless, do not readily acquire 
infection from brief, direct exposure to ani- 
mals having RV infections. Thus 4 mothers 
which ate their babies within a day after in- 
oculations with RV and subsequently lived 
in the same room with infected families for 
3 weeks, failed to develop RV _ antibodies 
(Table III). The 5 mothers mentioned in 
Table III which had no RV antibodies at the 
time their young died several days after in- 
oculation merely add to the experience, 
throughout these studies, that adult hamsters 
do not ordinarily possess RV antibodies. 


Some attributes of hemagglutinins. The 
hemagglutinins recovered from infected ham- 
ster tissues appeared to be specific for rat 
virus. Thus they had the same general char- 
acteristics of hemagglutinins produced by RV 
in rat embryo tissue culture i.e., they agglu- 
tinated guinea pig erythrocytes at room tem- 
perature without elution. Secondly, guinea 
pig antisera prepared against RV inhibited 
the hemagglutinins from infected hamster 
tissue in high titer. An illustrative experi- 
ment is summarized in Table IV. Sera from 
guinea pigs prior to immunization inhibited 
HA in low titer. This apparently non-specific 
inhibition of RV hemagglutination at low 
titers has been demonstrated in normal sera 
from a number of species. Its exact nature 
is not clear. 

Discussion. RV is a virus which has 
caused no apparent disease on inoculation 
into rats, its natural host, or into mice which 
are the host of polyoma virus, a seemingly 
related agent(1,2). Hamsters are suscep- 
tible to both viruses, however, and the dis- 
eases induced offer points of contrast. One 
difference is the failure of RV to induce neo- 
plasms. It is conceivable that RV is too 
lethal in its effects on hamster tissue to 
achieve that “delicate balance—between vi- 
rulence of virus and resistance of host,” as 
phrased by Stewart(4) which is possibly es- 
sential if a virus is to induce cancer. An- 
other contrast between RV and polyoma is 
found in their patterns of multiplication in 
suckling hamsters. Rowe and associates(5) 
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TABLE IV. Specificity of Hemagglutinins Found in Tissue of RV-infected Hamster. 


HA units of 
RV-infected 


Dilutions of guinea pig serum 


Guinea pig serum liver susp. 20 40 80 160 320 640 1280 2560 5120 
Pre-inoe, 16 0 ft -- + ft ++ ND ND ND 
8 0 0 + 4 4 + ” ” ” 
4 0 0 0 — + + ” + By) ” 
3 wk post-inoe.* 16 0 0 0 0 0 0 + -f- + 
0 0 0 0 0 0 0 ae ain 
4 0 0 0 0 0 0 0 0 = 


* Guinea pig immunized with RV-infected rat embryo tissue culture fluid. 


have shown that polyoma virus reaches peak 
titers in 4 to 6 days after inoculation, but 
titers of infective virus are low, hemagglu- 
tinins fail to appear and there is no imme- 
diate disease or subsequent dwarfism. Neo- 
plasms are the characteristic signs of poly- 
oma infection in infected hamsters. The mul- 
tiplication of polyoma virus in suckling mice 
(4) follows patterns which are closer to 
those described above for rat virus in suck- 
ling hamsters. Thus Rowe et al., encoun- 
tered infective virus in titers of 10° and 107 
in kidneys and livers of infected animals and 
these were associated with presence of he- 
magglutinins. Polyoma virus was also de- 
monstrable in both blood and urine. The 
fact that this agent can induce dwarfism as- 
sociated with defective incisor teeth in mice 
is an additional point of similarity with RV 
G2}: 

Summary. 1) Rat virus (RV) can induce 
3 different conditions in suckling hamsters 
according to dose of virus and age of the ani- 
mal at time of inoculation. These conditions 
are (a) a fatal disease in sucklings 1 to 4 
days of age; (b) a stunted growth in those 


surviving a minimal dose, and (c) a latent 
infection of older sucklings. 2) Spontaneous 
transmission of RV can take place from in- 
oculated to uninoculated hamsters. 3) In- 
fected sucklings have infective virus in high 
titer in livers, kidneys and other organs as 
well as in lesser amounts in blood and urine. 
Specimens with the highest infectivity titers 
have also had considerable amounts of he- 
magglutination activity. 4) Rat virus has 
been carried through 20 passages in suckling 
hamsters. Intracerebral, intranasal, subcu- 
taneous and intraperitoneal routes of inocu- 
lation have all been effective in inducing 
acute disease. 
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The manner in which the syncytiotropho- 
blast takes origin and is maintained has oc- 
cupied the attention of many investigators 
interested in the placenta. This paper pre- 


* Supported by USPHS Grant No. SG 13975. 


sents preliminary data from investigations of 
this problem. 
Method. Fresh sterile human placental 


tissue was obtained from 4 therapeutic abor- 
tions ranging in gestational age from 14 to 


FIG. 1. Radioautograph of human placenta, 
Note labeled nuclei among cells of eytotropho- 
blast, villous mesenchyme, and vaseular endothe- 
lium. 

FIG, 2. Radioautograph of human placenta with 
many labeled nuclei among cells of cytotrophoblas- 
tie layer but no labeled nuclei among syneytiotro- 
phoblastie cells. 

FIG. 3. Radioautograph of human placenta with 
intense activity among nuclei of eytotrophoblastie 
column but no labeled nuclei in peripheral syneytio- 
trophoblast. 
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18 weeks. Full thicknesses of placental tis- 
sue were placed in Puck’s F4FC tissue cul- 
ture media to which had been added tritiated 
thymidine of 1.9 pwc per millimole specific ac- 
tivity at concentrations ranging from 1 to 
12 pc per milliliter of media. The cultures 
were maintained at 37 + 0.2°C with air as 
the gas phase and pH was adjusted daily to 
7.2. Samples of the placental tissue were re- 
moved from incubation, washed in balanced 
salt solution and fixed in neutral buffered 
formalin at intervals ranging from 1 to 72 
hours. The tissues were prepared for sec- 
tioning, cut at 6 mu, and mounted on glass 
slides. The sections were deparaffinized in 
xylol, hydrated and dipped in undiluted Ko- 
dak liquid emulsion type NTB 3, and ex- 
posed at 4°C for 3 to 4 weeks in bakelite 
boxes containing Drierite. They were then 
developed in Kodak D-19 developer, stained 
with Harris’ hematoxylin, coverslipped, and 
examined microscopically. 


Results. In more than 200 slides exam- 
ined, each containing from 8 to 12 sections, 
unequivocal evidence of thymidine uptake by 
syncytiotrophoblastic nuclei was not encoun- 
tered. There was abundant activity in nu- 
clei of the villous mesenchyme and vascular 
endothelium as well as the Langhans cyto- 
trophoblast layer (Fig. 1, 2). There was 
particularly heavy activity in the nuclei of 
the cytotrophoblastic columns (Fig. 3). 


Discussion. The problem of how the syn- 
tiotrophoblast takes origin has been discussed 
by Hertig et al.(3) Wislocki and Bennett(5) 
and Wimsatt(4), all of whom proposed an 
amitotic form of division as one hypothesis 
to account for the quantitative increase in 
the syncytium without morphologically dis- 
tinguishable mitotic activity. Hamilton and 
Boyd(2) also offered amitotic division as a 
possible mechanism for the origin of the syn- 
cytiotrophoblast. 


Our failure to demonstrate thymidine up- 
take by syncytial nuclei argues strongly 
against amitotic division in the syncytiotro- 
phoblast, at least in the human placenta un- 
der the conditions of our experiments. It 
may be argued that amitotic divisions could 
occur in absence of new DNA synthesis and 
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hence without thymidine uptake but this is 
unlikely in the case of human syncytiotro- 
phoblast in view of the near-diploid DNA 
valves found by Galton(1) in these nuclei 
using microspectrophotometry. 

On the basis of these experiments it now 
seems likely that the syncytiotrophoblast is 
a mitotic end stage that is continually de- 
rived from another cell type, possibly cyto- 
trophoblast. Experiments are under way to 
investigate this possibility and to extend our 
findings to other species and other experi- 
mental conditions. 

Summary. Portions of human placental 
tissue have been studied by radioautography 
utilizing tritiated thymidine. Thymidine up- 
take could be demonstrated in cytotropho- 
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blast, villous mesenchyme and vascular en- 
dothelium but not in the syncytiotrophoblast. 
This finding suggests that amitotic division 
of the syncytiotrophoblast does not play a 
prominent role in the derivation of this cel- 
lular layer in the human placenta of 14-18 
weeks gestational age. 


1. Galton, M., personal communication. 

2. Hamilton, W. J., Boyd, J. D., J. Anat., 1960, 
v94, 297. 

S, la@any AN, Oho, IeOek, Ven Aaknng, Jee. Al. Uh 
Anat., 1956, v98, 435. 

4. Wimsatt, W. A., zbid., 1945, v77, 1. 

5. Wislocki, G. B., Bennett, H. S., zbid., 1943, v73, 
SIS. 
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Effects of Time and Steroid Concentration on Binding of C!!-Estrogens 


in Human Plasma.* 


(26491) 


AvERY A. SANDBERG, W. R. SLAUNWHITE, JR. AND Harry N. ANTONIADES 
(Introduced by E. A. Mirand) 


Roswell Park Memorial Institute, Buffalo, N. Y., and Protein Foundation Laboratories, 
Jamaica Plain, Mass. 


We have reported(1-3) on the distribution 
of radioactive steroids and their metabolites 
among the various plasma protein fractions 
following intravenous injection of C!*-ste- 
roids into human subjects. Thus, it was shown 
that most unconjugated and conjugated ste- 
roids and their metabolites were bound prin- 
cipally to the plasma fractions IV-1 and V. 
In the case of C!*-estrone and C'-estradiol 
the bloods were drawn 20 and 45 minutes 
after injection, respectively. This study deals 
with the effects of time of blood withrawal 
and prior administration of large amounts of 
non-radioactive steroids, either identical to 
or different from the radioactive steroids, on 
distribution of radioactivity among the frac- 
tionated plasma proteins. 

Experimental. The materials, methods and 
experimental procedures were similar to 
those previously reported(1,2) with the fol- 
lowing exceptions: 1) ca. 250 ml of blood 


* Supported in part by grants from U.S.P.HLS. 


was withdrawn 30 minutes after injection 
and an equal volume 90-150 minutes later 
and 2) two subjects, in addition to receiving 
radioactive steroid, were infused a second 
time with the same radioactive steroid plus 
50 mg of non-radioactive steroid. The solu- 
tion for infusion was prepared by dissolving 
50 mg of crystalline U.S.P. steroid in 10 ml 
of ethanol, which was added dropwise with 
stirring to 240 ml of 1% HSA (human serum 
albumin) resulting in the appearance of a 
very fine microcrystalline suspension of the 
steroid. This solution was infused intraven- 
ously over 30 minutes. The C!*-steroid (2.7 
pc/meg) dissolved in 50 ml of 4% ethanol in 
saline, was injected intravenously over a pe- 
riod of 2-3 minutes through the tubing half- 
way through the infusion. The timing com- 
menced with injection of the radioactive ste- 
roid. 

Before discussing the results, it may be 
worthwhile to comment on the state of the 
carrier and radioactive steroids injected in 
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TABLE I. Distribution of Bound and Unbound Radioactivity in Human Plasma after Injec- 
tion of Ca 1 ye of C-labeled Steroids with and without Unlabeled Steroid. 


Unbound ; , 
Bound (fractions I-V) (supernatant fluid V) 

Phlebotomy Conju- Uncon- Conju- Uncon- 

Steroidinj. time (min.) Radioactivity Total gated jugated Total gated jugated 
16-C'-estrone 30 ¢/m/100 ml 7140 4370 2770 7470 4400 3070 

(M.F.) % 49 61* 39* 51 59* Ain ies 
180 ¢/m/100 ml 5530 5260 270 4980 4530 450 
%o 53 95 5 47 91 9 
16-C“-estrone ++ 30 e/m/100 ml 5870 3920 2050 5650 3000 2650 
50 mg progeste- % 51 65 35 49 53 47 
rone (M.F.) 180 e/m/100ml 4750 4440 310 5160 4680 480 
% 48 93 7 52 91 9 
16-C'-estradiol- 30 e/m/100 ml 4820 4130 690 7330 6340 1090 
17g (R.C.) % 4() 86 14 60 85 15 
120 e/m/100 ml 3390 3280 110 3780 3580 200 
% 48 97 3 52 95 +) 
16-C-estradiol- 30 e/m/100 ml 5150 3900 1250 4720 3170 1550 
178 (J.J.) % 52 76 24 48 67 33 
120 e/m/100 ml 2510 2250 260 2830 2490 340 
% 47 90 10 53 88 12 
16-C™-estradiol-17g 30 e/m/100 ml 3630 2460 1170 2650 1670 980 
+ 50 mg estradiol- % 58 69 32 42 65 35 
17p (J.J.) 120 e/m/100 ml 710 600 110 700 ~=510 190 
% 50 85 15 50 ee 27 


* Percentages are calculated by using the value in ‘‘Total’’ column as 100%. 


the 1% HSA (in 4% ethanol in saline). 
From previously published results(1) and 
from unpublished data in our laboratory it 
can be calculated that a maximum of 10 mg 
of estradiol-178 and 5 mg of progesterone, 
out of the 50 mg administered, were bound 
by the administered HSA. Hence, when the 
C'-labeled steroid was injected half-way 
through the infusion, the preponderant part 
of the radioactive steroid was not associated 
with the HSA, but was in the aqueous phase. 
Since the amount of HSA administered over 
a period of 30 minutes represents about 1/50 
of total plasma albumin, it can be safely pre- 
sumed that the binding of most of the carrier 
and radioactive steroids occurred to endo- 
genous plasma protein. 

Results and discussion. The distribution 
of protein bound radioactive C'-estrone or 
C'-estradiol and their metabolites is shown 
in Table I and is very similar to our previous 
results(1). Percentage of radioactivity bound 
and unbound was not materially affected by 
time. of blood withdrawal, even as late 
as 3 hours after injection of the radioactive 
steroid. In all cases the percentage of radio- 


active conjugated metabolites increased with 
time. Since previous in vitro work(1,3) in- 
dicated that the binding site (or sites), at 
least on albumin, for progesterone was differ- 
ent from that for C'*-estrone, 50 mg of the 
former steroid were given by infusion before 
injection of C'-estrone to ascertain whether 
progesterone would affect the metabolism and 
distribution of the C'-estrone im vivo. Prior 
injection of the large amount of unlabeled 
progesterone produced no pronounced chang- 
es in the binding of radioactive C'-estrone 
and its metabolites when compared to that 
following injection of C!!-estrone alone. 
Injection of a large amount of estradiol re- 
sulted in more rapid disappearance of conju- 
gated, radioactive metabolites of C!*-estra- 
diol in both the bound and unbound frac- 
tions. Since very little difference was seen in 
concentration of either bound or unbound 
unconjugated radioactivity following admin- 
istration of 50 mg of estradiol and C'4-estra- 
diol, the more rapid clearance of the conju- 
gates of these steroids may be related to the 
saturation of the protein system responsible 
for the binding of such conjugates. This 
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TABLE II. Distribution of Radioactivity Bound to Human Plasma Fractions after Injection of Ca 1 ye 
. ~ of C-labeled Steroids with and without Unlabeled Steroid. 
ee ee eae ee ee eee eee 
2 a a a). a ee 


ae Conjugated Unconjugated 
Plasma fraction No, Plasma fraction No. 
a Phlebotomy II+ Ite 
Steroidinj. time (min.) Radioactivity I TEE SEV Vet Vi ULV Get eV) 
16-C*-estrone 30 e/m/100 ml 34 370 140 3830 91 510 4650 1720 
(M.F.) % 1 8 3 88 4 18 16 62 
180 e/m/100 ml 72 380 370 460 3980 5 55 20 Log 
J i 7 7 9 76 2 20 10 5 63 
16-C**-estrone + 30 e/m/100m)l 110 710 320 “150 2530 38 310 360 66 1280 
50 mg proges- % 3 19 8 4 66 2 15 18 3 62 
terone (M.F.) 180 c/m/100ml 130 210 720 87 3290 22.9 39) 44537 202 
%o 3 5 16 2 74 ff 13 14 1 65 
16-C**-estradiol- 30 ¢/m/100 ml 130 300 200 160 38340 65 140 76 19 390 
17g (R.C.) %o 3 (feta Sue ok gee Pe Seite GS ay 
120 e/m/100 ml 76 240 160- 130 2670 5 23 13 8 56 
% 2 7 5 4 82 5 21 12 7 dL 
16-C*-estradiol- 30 e/m/100 ml 43 180 690 580 2400 91 180 180 56 740 
17g (J.J.) % 1 5 18 15 61 8 14 14 5 59 
120 e/m/100 ml 64 120 89 140 1840 ala 40 ie U2) ILA 
%o 3 5 4 6 82 4 16 7 5 68 
16-C**-estradiol- 30 e/m/100 ml 47 210 480 74 1650 wy  IReKO) AIM) Paal feet 
76 (J.J.) %p 2 9 19 3 67 ent) | nie oe Ge 
120 ¢/m/100 ml 16 15 83 15 410 uf 8 25 3 68 
% 3 12 14 3 68 6 7 22 3 62 


Percentages represent breakdown of the total radioactivity of Fractions I to V. 


would result in more rapid clearance of the 
conjugates from the plasma and was evi- 
denced by the more rapid excretion of radio- 
activity in the urine when large amounts of 
carrier were given in addition to C14-estradiol 
(4). It would also seem to indicate that the 
binding system for the unconjugated meta- 
bolites was not saturated by the large amount 
of estradiol given. On the basis of previously 
published data(1) in the case of estradiol it 
would require 5-6 times (250-300 mg or 
more) of the amount of estradiol injected in 
the experiments reported to saturate the 
binding capacity of the serum albumin. Since 
the injected steroid is metabolized rather rap- 
idly, it would require a relatively enormous 
amount of estradiol to saturate the protein 
binding system for this particular steroid. 

Distribution of the bound radioactivity 
among plasma fractions is shown in Table II. 
The preponderant part (over 60% of the un- 
conjugated steroid, over 70% of the conju- 
gated steroids) of the radioactivity was in 
Fraction V and did not vary much with the 
phlebotomy time. Prior administration of un- 
labeled steroid produced no pronounced 


changes in distribution of the radioactive 
steroids among the various plasma fractions. 
Mild increases in the amount of radioactivity 
associated with Fraction IV-1 at the longer 
phlebotomy time can be seen in 3 instances, 
when compared to similar circumstances 
without administration of unlabeled com- 
pound. 

In regard to the concentration of ‘“un- 
bound” radioactivity in plasma (Table I), 
one should keep in mind that under the con- 
ditions of the fractionation techniques em- 
ployed in these studies loosely protein-bound 
C!*-estrogens might be dissociated from the 
protein. At least 3 factors could influence 
the binding: ionic strength, pH, and ethanol 
concentration. The conditions for separation 
of Fraction I, II, III] and IV-1 are moderate. 
The conditions for separation of Fractions 
IV-4 (40% ethanol, pH 5.8) and V (40% 
ethanol, pH 4.7) might cause real concern. 
As we have stated(1,2), “the major error in 
interpretation which results from this effect 
of the fractionating technique has been the 
suggestion that an appreciable portion of in- 
fused steroid may circulate in plasma un- 
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bound to protein.”” The importance of Frac- 
tion V (albumin) in the binding and trans- 
port of estrogens in human plasma has been 
demonstrated(1,3,5,6). The results of these 
studies point to albumin as the major pro- 
tein concerned with transport of estrogens 
and their metabolites in human plasma. 
Summary. 16-C'4-estrone and 16-C'4-es- 
tradiol-178 were injected intravenously into 
normal human subjects. C!*-estrogens were 
injected either alone or following infusion of 
50 mg unlabeled progesterone or estradiol- 
178. Blood samples were drawn at 30 min- 
utes and at 120 or 180 minutes after injec- 
tion. The blood plasma was fractionated by 
the cold ethanol fractionation techniques and 
plasma fractions were examined for radio- 
activity. The delay of time of phlebotomy 
resulted in an increase in percentage of con- 
jugated metabolites. Injection of a large 
amount of estradiol-178 resulted in a more 
rapid disappearance of conjugated radioac- 
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tive metabolites of C'4-estradiol-178 in both | 
protein-bound and unbound forms. No pro- 
nounced changes in distribution of radioac- - 
tivity among the various plasma fractions oc- 
curred as a result of prior administration of 
large amounts of unlabeled steroid. 


L 
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(Introduced by L. V. Beck) 


Cardiovascular Research Laboratories, Department of Pharmacology, School of Pharmacy, 
University of Pittsburgh, Pittsburgh, Pa. 


Ever since Goldblatt(1) successfully pro- 
duced sustained hypertension in dogs by par- 
tially constricting both renal arteries, inves- 
tigators have been trying to isolate pressor 
substances from the blood of hypertensive 
animals and patients. Angiotensin II(2), a 
pressor octapeptide has been isolated in renal 
hypertensives(3) and has been synthesized 
by Bumpus e¢ al.(4,5). Most investigators 
(4-6) have felt that the hypertensive prop- 
erties of Angiotensin II were due entirely to 
the peripheral actions of the compound and 
have inferred that this agent did not act 
through the central nervous system. The pur- 
pose of this study was to determine if Angio- 


* Supported in part by grants from Nat. Inst. 
Health, and from Ciba Pharmaceutical Products, Inc., 
Summit, N. J., 


tensin II possessed central hypertensive prop-) 
erties, and if so determine the possible mecha- | 
nism a action. 


Method. Six dog cross circulation prepa-/ 
rations, modified after that described by Tay-’ 
lor and Page(7), were utilized in this study.: ( 
Mongrel dogs were anesthetized by an intra-) i 
venous injection of 35 mg/kg of pentobar- 
bital sodium. The external jugular veins and\ 
common carotid arteries were isolated and\ 
covered with gauze moistened in normal sa-} 
line solution. The internal jugular veins were! 
doubly ligated and cut between the ligatures.: 
The neck musculature was separated into) 
sheets and removed, utilizing electrocautery, 
to expose the vertebral column from C-2 to: 
C-5. A dorsal laminectomy, which included 
removal of the spinous processes of the more 
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TABLE I. Effects of Angiotensin IT on Donor and Recipient Blood Pressures in the Dog Cross Circula- 
tion Preparations. 
SUT 


Donor ———_———__,,  ————_——- Recipient —————_, 


Original Risein Dura- Original Risein Dura- 
ay es = Wt Bye st Bye, qakoyal Wt BP4 Baton 
- (ug/kg) Route (kg) Sex (mmHg) (%) (min.) (kg) Sex (mmHg) (%) (min.) 
1 1.0 IA abs 125 40.0 4.0 SOM 135 1,1 5) 
1.0 zs 120 37.5 3.0 130 19.2 5 
1.0 f 130 23.0 3.0 115 13.0 a) 
1.0 IV-R 130 0 0 115 52.1 6.0 
2 4 1A Oe 130 38.4 4.0 be 140 14.2 1.0 
4 é 125 24.0 4.0 140 14.2 oO 
4 130 15.3 1.0 140 10.7 1.0 
8 x 125 20.0 1.0 140 10.7 1.0 
1.2 : 150 33.3 2.0 125 20.0 1.0 
1.2 IV-R 150 0 0 125 60.0 2.5 
1.2 IA* 150 20.0 1.5 90 44.4 1.0 
3 1.2 IA 16.6 g 150 66.6 5.0 12.7 Q 200 25.6 5.0 
1.2 2 100 50.0 3.0 200 12.5 2.0 
4 2.0 ee 10.5 fe) 125 12.0 2.0 6.7 fe) 80 25.0 5 
a0 : 150 § § 135 14.0 1.0 
2-0 7 150 § § 130 19.2 1.0 
2.0 140 § § 70 42.8 1.0 
5 1.0 23.7 3 100 100.0 5.0 12.0 a 100 50.0 a) 
ib, 100 100.0 5.0 100 50.0 aS) 
1.0¢ 2 100 100.0 5.0 50 0.0 0 
6 1.0 § § 90 T8008 5.0 § § 90) 50.0 1.0 
1.0 100 90.0 4.0 110 45.4 aff 
1.0+ ‘* 75 86.6 4.0 65 oll 9) 
5 IV-R 60 0 0.0 60 109.0 6.0 


* Vagi were sectioned in cervical region of recipient. 
t 1.0 mg/kg of piperoxan inj. into recipient’s peripheral circulation. 


9 


+ Mean arterial blood pressure ( 


§ Not recorded. 


TA = Administration via arterial inflow to recipient’s head. 


femoral vein. 


caudad vertebrae and the transverse process- 
es of each of the 2 respective vertebrae, was 
then performed either between C-2 and C-3 
or between C-3 and C-4. A suitable length of 
21-gauge stainless steel wire was inserted 
lengthwise through a soft rubber sponge (0.75 
by 5 by 0.25 cm), until the wire protruded 
through the sponge. The wire and sponge 
were pulled under the spinal cord, then the 
wire was placed in such manner that when 
brought to the ventral surface between the 
carotid arteries, it fell into correct position 
in the intervetebral spaces and when tight- 
ened occluded the vertebral venous sinuses 
and vertebral arteries. Circulation was estab- 
lished between the left common carotid ar- 
tery of the anesthetized donor dog and the 
2 common carotid arteries of the recipient, 


systolic + diastolic 


IV-R = Administration via reeipient’s 
and the 2 jugular veins of the recipient and 
left jugular vein of the donor. Two to 4 ml 
of heparin (1,000 »/ml) were administered 
I. V. to the donor. Blood pressure was re- 
corded from a femoral artery of each dog via 
a Statham transducer (P23AC) onto a Grass 
polygraph. Ten microcuries of I'*’ were ad- 
ministered into the arterial circulation to the 
recipient’s head after thyroid glands of both 
animals had been saturated with iodine util- 
izing 0.25 ml of Lugol’s solution, I. A., to the 
recipient’s head. Circulatory leakage between 
head and body of the recipient was deter- 
mined periodically by obtaining 3 ml blood 
samples from a femoral vein of the donor and 
recipient and determining amount of radio- 
activity per minute in each sample. There 
was absolutely no leakage observed in the 6 
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preparations utilized. Synthetic Angiotensin 
IIt was administered either into the arterial 
inflow to the recipient’s head or via the femo- 
ral vein to the recipient’s peripheral circula- 
tion. 

Results. The effects of Angiotensin II on 
donor and recipient blood pressures in the 
dog cross circulation preparation are sum- 
marized in Table I. Angiotensin II adminis- 
tered into the arterial inflow to the recipient’s 
head in doses varying from 0.2 to 4 pg/kg 
produced consistent pressor responses in both 
recipient and donor animals with pressure in- 
crements ranging between 12% and 50% 
above normal levels in recipient and 30% to 
100% above pre-drug level in donor. Central 
hypertensive response was shorter in dura- 
tion (0.5 to 5.0 min.) than pressor response 
in the donor animal (2.0 to 5.0 min.). Intra- 
venous administration of Angiotensin II into 
the peripheral circulation of the recipient 
produced marked hypertensive responses of 
relatively long duration (2.5 to 6.0 min.), in 
the recipient only. In 2 preparations, 2 doses 
of Angiotensin II, 1 »g/kg, were injected into 
the head of the recipient and the hypertensive 
effect in both animals recorded. Subsequent- 
ly, 1.0 mg/kg of piperoxan was slowly in- 
fused into the recipient’s femoral vein. Angio- 
tensin, 1 »g/kg, was then administered into 
the arterial inflow to the recipient’s head and 
produced pressor responses in the donor only. 


+ Kindly supplied as Hypertensin by Ciba Pharma- 
ceutical Products, Inc., Summit, N. J. 
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Intravenous administration of Angiotensin 
into the peripheral circulation of the recipi- 
ent produced the usual pressor response. Va- 
sopressin (0.1 «/kg) administered via the ar- 
terial inflow to the untreated recipient’s head 
produced hypertensive effects in the donor 
animal only. 

Summary. Angiotensin [I appears to pro- 
duce an increase in blood pressure by 2 
mechanisms: 1. A direct peripheral action on 
the vascular smooth musculature producing a 
marked increase in peripheral resistance, 
which is not blocked by piperoxan. 2. A cen- 
tral hypertensive effect, probably due to 
stimulation of central sympathetic structures 
and evoking peripheral sympathetic discharg- 
es, which are blocked by administration of a 
sympatholytic agent into the peripheral cir- 
culation. 
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Production of Streptolysin S by Streptococci Before and After Mouse 


Passage.* 


(26493) 


Irvin S. SNypDERt AND Tom R. HAMILTON 
Department of Medical Microbiology, University of Kansas Medical Center, Kansas City, Kansas 


No difference was found by Stollerman and 
Bernheimer (1) in streptolysin S production 
by strains of group A beta hemolytic strep- 
tococci isolated from patients with strepto- 
coccal pharyngitis or with rheumatic fever. 
That streptolysin S was produced in presence 
of yeast nucleic acid by strains of Lance- 


field’s group A as well as by certain strains of 
groups D, E, G, H, and L was reported by 


* This investigation was carried out during the 


tenure of a Predoctoral Fellowship from Nat. Inst. |/ 


of Allergy and Infect. Dis., U.S.P.HS. 
t Present address: Dept. of Bacteriology, State 
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Bernheimer (2). 

The experiments reported here were per- 
formed (a) to determine quantitatively the 
amount of streptolysin S produced by strep- 
tococci isolated from clinical sources and 
grown in presence of yeast nucleic acid and 
(b) to study the effect of animal passage on 
level of production of this hemolysin by strep- 
tococci. 

Materials and methods. A. Preparation of 
Yeast Nucleic Acid Medium. The medium 
utilized for growth of streptococci was pre- 
pared according to the method of Bernheimer 
and Rodbart(3). Beef heart for infusion 
(Difco) was substituted for the fresh beef 
heart. One ml of a Seitz-filtered solution of 
yeast ribonucleate (70 mg/ml) adjusted to 
pH 8.0 was added to the medium after it was 
sterilized by autoclaving. Control tubes re- 
ceived one ml of distilled water adjusted to 
pH 8.0. Before inoculation of the medium, 
freshly neutralized sodium thioglycollate was 
added to give a final concentration of 0.01%. 

Seventy-five strains of streptococci isolated 
from clinical sources were used. Broth cul- 
tures of these organisms were kept frozen at 
—70°C until needed. Heart infusion medium 
was inoculated with the streptococci and in- 
cubated at 37°C for 6 hours. The yeast nu- 
cleic acid medium was inoculated with 0.1 ml 
of this suspension. Heart infusion medium 
lacking yeast nucleic acid was also inoculated. 
After 16 hours incubation at 37°C, the cul- 
tures were centrifuged and supernatant fluids 
were assayed for centent of streptolysin S. 

B. Assay of Streptolysin S. Serial 2-fold di- 
lutions of each of the culture supernates, in 
phosphate buffer, were prepared in triplicate. 
To each tube of the first set of dilutions con- 
taining 1 ml of the diluted supernate was 
added 0.5 ml of a phosphate buffer pH 7.0 
and 0.5 ml of 2% suspension of rabbit red 
blood cells. Because streptolysin O is inhibit- 
ed by cholesterol and streptolysin S is in- 
hibited by lecithin, a second set of serially di- 
luted culture received 0.5 ml of a suspension 
of lecithin (5 mg/ml), while the third set of 
tubes containing serially diluted supernatant 
fluids received 0.5 ml of a suspension of cho- 
lesterol (50 ng/ml) in the place of the phos- 
phate buffer. This procedure enabled the in- 
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vestigators to ascertain whether the hemoly- 
sin was due to streptolysin O, S, or both. 
After incubation for 45 minutes at 37°C, the 
tubes which showed hemolysis were removed 
from the water bath and centrifuged. The su- 
pernatant fluids were decanted, diluted 1:6 
and optical density was determined at a wave- 
length of 5500 Angstroms, using a Coleman 
Universal spectrophotometer. The 50% he- 
molytic endpoint was calculated by use of 
conversion factors established by Von Krogh 
ays 

The unit of streptolysin S, as used in these 
experiments, is defined as that amount of 
streptolysin S dissolved in one ml of phos- 
phate buffer which will lyse 50% of the rab- 
bit red blood cells in 0.5 ml of a 2% suspen- 
sion. 

C. Preparation of Lecithin and Cholesterol 
Suspensions. Ten ml of 95% ethyl alcohol 
were added to 0.3 g of ovolecithin (Nutrition- 
al Biochemical Corp.). Solution was effected 
by stirring with a glass rod. Fifty ml of phos- 
phate buffered saline were added to give a 
final concentration of 5 mg per ml. 

Five mg of cholesterol (Difco) were sus- 
pended in one ml of absolute ethyl alcohol. 
This suspension was slowly poured into 100 
ml of boiling water which then was filtered 
through paper. 

Procedure for Passage of Streptococci 
through Mice. Mice were inoculated intra- 
peritoneally with 0.5 ml of an 18 to 24 hour 
culture of streptococci. Between each animal 
passage the organisms were isolated from the 
mouse spleen or heart’s blood and grown in 
Todd-Hewitt broth (Difco) for 18 to 24 
hours. 

Streptococci from such broth cultures were 
passed to mice by intraperitoneal inoculation; 
aliquots were frozen at —70°C for later evalu- 
ation of virulence and of production of strep- 
tolysin S. Virulence of the streptococci for 
mice was measured by intraperitoneal inocu- 
lation of 0.5 ml of 10-fold dilutions of an 18 
hour culture (prepared from the frozen broth 
culture) into groups of 6 mice. The mice were 
observed for 12 days and LD-;» determined 
by the method of Reed and Muench(5). For 
assay of streptolysin S, 0.1 ml of each strep- 
tococcal broth culture was inoculated into nu- 
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TABLE I. Production of Streptolysin S According 
to Group of Streptococcus. 


Streptolysin S 
No. strains production 
No.of producing (units/ml) 
strains streptolysin 
Group studied ) Range Mean 
A 43 42 10-128 52 
B 6 0 —_ 
C Human 4 4 2-32 18 
Animal 7 3 3-5 2 
D 4 0 — 
G 11 10 2-18 7.5 


cleic acid medium and incubated for 18 hours. 

Results. Addition of cholesterol to the 
tubes did not inhibit the hemolysin while the 
addition of lecithin completely prevented he- 
molysis of the rabbit red blood cells. This in- 
dicated that streptolysin O was not present in 
sufficient amounts to be detectable and that 
the observed hemolysis was due to streptoly- 
sin S. Partial inhibition by lecithin and/or 
cholesterol was not observed. 

Amounts of streptolysin S produced by 75 
strains of streptococci of Lancefield groups A, 
B, C. D, and G are given in Table I. 

The group A streptococci produced more 
streptolysin S than any of the other groups. 
Only one strain of group A streptococci pro- 
duced streptolysin S in absence of yeast ribo- 
nucleate and this production was only 1.5 
units per ml of culture supernate. However, 
one strain of group A failed to produce strep- 
tolysin S even in presence of yeast RNA. 
None of the group B or group D strains pro- 
duced the hemolysin. A considerable differ- 
ence is also apparent in production of strep- 
tolysin S by human and animal strains of 
group C. 

Because considerable difference was noted 
between the groups with respect to streptoly- 
sin S production and also between members 
of the same group, a second experiment was 
performed to determine the effect of animal 
passage or adaptation to the host on produc- 
tion of streptolysin S. These results are 
shown in Table II. 

This experiment indicated that production 
of streptolysin S can be modified by animal 
passage. In all strains which produced strep- 
tolysin S before animal passage, with one ex- 
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ception, streptolysin S production was aug- 
mented by such passage. The animal strain 
of group C, which did not produce strepto- 
lysin S before animal passage, did produce a 
limited amount after 8 animal passages. How- 
ever, production of streptolysin S by strains 
of group D was not demonstrated at any 
time. 


No increase in virulence of the streptococci 
for mice was obtained by animal passage. 

Discussion. The significance of the produc- 
tion of streptolysin S by streptococci of 
Lancefield group A, C and G is not under- 
stood. However, some importance may be at- 
tached to the fact that most streptococcal in- 
fections in man are caused by members of 
these groups. It is similarly of considerable 
interest that streptolysin O(6) and strepto- 
kinase(7) also are produced only by members 
of these groups. That the largest amounts of 
streptolysin S are produced by streptococci of 
group A suggests that this streptolysin may 
have a significant role in human infections. 
The fact that this hemolytic toxin (S) is ser- 
um extractable has appealed to investigators 
relative to possible wide diffusion in tissues. 


Leedom and Barkulis(8) showed that the 
enhanced virulence of streptococci after 
mouse passage was associated with decreased 
streptolysin S production. Although no en- 
hancement of virulence of streptococci of 
groups A and C was obtained in our experi- 
ments after 8 to 10 mouse passages, the abil- 
ity of the organism, with one exception, to 
produce streptolysin S was enhanced. How- 
ever, these results do not preclude the pos- 
sibility that the production of substances im- 


TABLE II. Effect of Mouse Passage on Produe- 
tion of Streptolysin S by Strains of Streptococci of 
Groups A, C, and D. 


‘Tancegela Mouse passage level 


Group 0 2 4 6 8 10 
A iis 22 26 32 32 72 
A 16 16 24 32 64 = 3 
A 1 6 8 16 16 32 | 
A 128 128 100 75 64 64 | 
C Sell 5 5 6 8 10 
D <i ail <1, Sl we ee 
D <i Sil <1 * <i, <i 5a 


* Units of streptolysin S/ml of culture supernate. 


ee 
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portant in the virulence of streptococci for 
mice may be at the expense of streptolysin S 
production and other products. . 

Summary. (1) Streptolysin S was  pro- 
duced by streptococci of Lancefield groups A, 
C and G. (2) Streptococci of group A pro- 
duced considerably more streptolysin S than 
did groups C and G. (3) Strains of group C 
streptococci of human origin produced more 
streptolysin S than did animal strains of 
group C. (4) In general, the passage of beta 
hemolytic streptococci through mice enhanced 
the production of streptolysin S but did not 
enhance their virulence. Nonhemolytic strains 
were not affected by animal passage. 
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Phosphoglucomutase Activity in Skeletal Muscles of Vitamin E-Deficient 


Chicks.* 


(26494) 


WILLIAM R. HaAzzarpt AND SAMUEL L. LEONARD 
Dept. of Zoology, Cornell University, Ithaca, N. Y. 


In a previous study concerning changes in 
enzymatic activity in abnormal skeletal 
muscle, it was shown that a decrease in phos- 
phoglucomutase (PGM) activity occurred in 
this tissue in mice with hereditary muscular 
dystrophy(1) a finding which was similar to 
that reported in man with muscular dystro- 
phy(2). For purposes of comparison, this re- 
port is concerned with measurements of PGM 
activity in red and white chicken muscle ren- 
dered dystrophic by maintenance of the birds 
on a vit. E-deficient diet. PGM activity was 
measured without addition of the coenzyme, 
eglucose-1-6-diphosphate, and with it in order 
to determine maximal enzymatic activity 
present. 

Methods. Ten male white Plymouth Rock 
chickens were fed ad lib from hatching on a 
vit. E-deficient diet similar to one reported 
(3) except that the protein consisted of 10% 
Torula yeast (deficient in selenium), 5% ca- 


* Aided by grants from Muscular Dystrophy Assn. 
of America and by the Sage and Sackett Research 
funds, Dept. of Zoology. 

+ Medical student fellow, National Science Foun- 
dation. 


sein and 5% isolated soy protein supplement- 
ed by selenium (0.1 mg/kg of diet).+ To the 
diet of 5 of these birds was added 80 mg a- 
tocopheryl acetate/kg. Autopsy under Nem- 
butal anesthesia was performed at 5 weeks of 
age. Samples of white (breast) and red (leg) 
muscles were frozen with dry ice immediately 
after excision and stored at -—20° until 
assayed. 

PGM activity was determined by the meth- 
od of Najjar(4) as refined by Bodansky(5). 
Aqueous homogenates of muscle were pre- 
pared in the cold and adjusted to 7.5 mg 
white muscle/ml and 15 mg red muscle/ml. 
To the reaction tubes was added the follow- 
ing in 0.1 ml volumes; 5 & 10° M glucose- 
1-PO,; 8 x 10? M cysteine, freshly pre- 
pared and adjusted to pH 7.5; 1.2 * 10? M 
MewsO. 4 10 M Tris buifer, pH 7-5; 
and 0.4 ml of either water or coenzyme (pre- 
pared as described below) for maximum PG- 
M activity. The reaction was started by add- 
ing 0.2 ml of muscle homogenate freshly pre- 


t Chickens were raised and their diet devised and 
supervised by Corlette C. Calvert, Dept. of Poultry 
Husbandry, Cornell Univ. 
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TABLE {[. PGM Activity in Vit. E-deficient Chick Skeletal Muscle. 


See ee ee ee eee eee ee 
a) 


Without coenzyme 


With coenzyme 


Exp. (10 chicks) Fresh tissue” NCPNt Fresh tissue* NCPNt 
White muscle 
Vit. E-deficient 26 + 4.0 7.1 + 1.4 66 + 4.8 18 +1.9 
Control 47 +1.3 U3.6 sa 7 97 + 3.0 28 +1.7 
P value AMM <3) <.001 <.01 
Red muscle 
Vit. E-deficient 7.8 + 1.2 PIT fees ee | 27 + 2.1 9.3 + 4 
Contro1 9.1+ 1.0 3.0 + .4 29 = 11 ON etal 
* mg P/100 mg tissue/hr + S.E. 
+ mg P/mg non-collagenous protein nitrogen/hr + S.E. 


pared. After 4 minutes of incubation at 37.5°, 
the reaction was stopped by adding 1 ml of 5 
N Hz SO. The mixture was diluted to 5 ml, 
heated for 7 minutes at 100°, filtered and 1 
ml aliquot taken for P determination(6). The 
results are reported as mg glucose-6-PO, P 
formed/100 mg fresh tissue/hr. Non-collage- 
nous protein nitrogen (NCPN) of the muscle 
was determined(7) and enzyme activity re- 
ported also on this basis. 

Although pure a-D-glucose 1-6-diphosphate 
(coenzyme) is not available to permit satu- 
ration of the reaction mixture with coenzyme 
to determine maximum PGM activity, never- 
theless it is possible to estimate maximum ac- 
tivity, as previously demonstrated in mouse 
muscle(1), by adding increasing amounts of 
a boiled muscle extract known to contain co- 
enzyme, when prepared according to Cardini 
et al.(8), to a series of PGM reaction mix- 
tures. By plotting the reciprocals of the con- 
centration of added coenzyme (mg_ boiled 
muscle extract) vs velocity of the reaction 
(mg P/100 mg tissue/hr), a linear relation- 
ship obtains and extrapolation to infinite co- 
enzyme concentration permits estimation of 
maximum PGM activity. In the present ex- 
periment, boiled extracts containing coen- 
zymes were prepared from normal white 
chick muscles and added in amounts equiva- 
lent to 2-16 mg tissue in 0.4 ml volume. Lin- 
ear increases in PGM activity occurred with 
addition of 2-8 mg equivalents of boiled ex- 
tract but addition of more than 8 mg up to 16 
mg failed to increase PGM activity further. 
Thus, a direct determination of maximum 
PGM activity was possible by adding 8-16 
mg of the white muscle extract in these ex- 


periments which thereby increased the tech- 
nical efficiency of the assay. 

Results and discussion. The muscular le- 
sions developed in the vit. E-deficient chicks 
varied from moderate to severe although the 
experimental and control birds consumed 
equal amounts of their diet and had similar 
average weight at autopsy (529 vs 534 g re- 
spectively). Grossly, white muscles exhibited 
more severe lesions than the red. 

Results in Table I show that PGM activity 
in white muscle from vit. E-deficient chickens 
decreased by 48% when measured without 
added coenzyme and 36% with maximum co- 
enzyme present, based on NCPN content of 
the tissues. In most instances, the decline in 
PGM paralleled the severity of the lesions as 
noted by gross inspection at autopsy. The 
red muscle, in contrast, failed to show a sig- 
nificant alteration in PGM activity. The ac- 
tivity of normal white muscle was 3-4 times 
that of red muscle when assayed either with 
or without maximum coenzyme additions. 

The percent decline in PGM activity (cal- 
culated on the basis of NCPN and with 
added coenzyme) in white muscle of deficient 
chicks at 5 weeks of age is similar to that of 
dystrophic mouse muscle(1) at 13 weeks of 
age (36% vs. 39% for the latter). Ratios 
between PGM activity of vit. E-deficient and 
control chicken white muscles, when calcu- 
lated from determinations made in absence 
and presence of added coenzyme are not 
markedly different (.52 vs. .64), thus per- 


mitting the inference that coenzyme content | 


of the muscle differs by only a little more 
than does the PGM. In contrast, these ra- 
tios in the dystrophic mouse were .32 without 
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added coenzyme and .61 with coenzyme, from 
which it was inferred that a great loss in co- 
enzyme accompanied the lesions in the mouse 
(1). Thus it appears that loss of coenzyme 
in the dystrophic chick muscle is proportion- 
ately not as large as in the dystrophic mouse 
muscle. Normal white chick muscle contains 
more G-1-6-diphosphate than rat or mouse 
muscle. Repeated experiments showed that 
saturation of the PGM system with this co- 
enzyme was not possible with additions equi- 
valent to 8-16 mg of boiled extract prepared 
from rodent muscle whereas saturation was 
readily achieved when white chick muscle 
was employed. 

Phosphorylase activity, as well as PGM, 


' is considerably greater in white than in red 


muscle of the normal chick(3). It is only 
in white muscle that phosphorylase is de- 
creased in the vit. E-deficient chick. The 
sensitivity of white muscle to the vitamin de- 
ficiency might be correlated with the initially 
high levels of phosphorylase and PGM, and 
a longer period of feeding the deficient diet 
might possibly affect the red muscle as well. 
PGM activity in the back muscles of rabbits 
fed a vit. D-deficient diet was lower than 
normal but the results were not statistically 
significant (9). 

Summary. Phosphoglucomutase activity 
determined with and without added coenzyme 
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(glucose-1-6-diphosphate) was increased in 
white muscles of chicks fed a vit. E-deficient 
diet, but was unaffected in red muscle. Mus- 
cle lesions were more extensive in the white 
muscle. Normally white muscle contains 
more PGM than red muscle. The coenzyme 
for PGM is much more plentiful in white 
chick muscle than in rat or mouse muscle so 
that direct determination of maximum PGM 
activity by saturation of the system with 
added coenzyme is possible, thus eliminating 
the necessity of extrapolating to infinite co- 
enzyme concentration. 
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Estrogen Therapy in Immature Female Rats with Posterior Hypothalamic 


Lesions. 


(26495 ) 


ALAN CoRBIN AND B. A. SCHOTTELIUS 
Dept. of Physiology, College of Medicine, State University of Iowa, lowa City 


Recent findings(1-5) support the concept 
of hypothalamic control of the hypophyseal- 
gonad axis. Corbin and Schottelius(6) have 
further implied a dual capacity of the hypo- 
thalamus, as regards puberal initiation and 
sexual maturation. Failure of the puberty- 
parturition continuum may be attributed to 
ovarian hypofunction, representing a second- 
ary effect of posterior hypothalamic damage. 

Gale(7) tested the effectiveness of replace- 
ment therapy in hypothalamically lesioned, 


pregnant rats, by administering progesterone 
and estradiol benzoate and preventing ges- 
tational impairment and abortion. Informa- 
tion is relatively scarce, however, relating 
estrogen therapy to reproductive organ ma- 
turation in immature female rats with dis- 
crete hypothalamic lesions. The response of 
the reproductive organs to estrogen replace- 
ment in prepuberal female rats with posterior 
hypothalamic lesions is the object of this 


study. 
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Methods and materials. Forty-four, 21- 

day-old female albino rats (Holtzman) were 
divided into the following groups: Group 
1 (13 animals) was the normal control group; 
Group 2 (11 animals) was the sham-operated 
control group; Group 3 (8 animals) consisted 
of the lesioned, untreated subjects; Group 4 
(8 animals) contained the lesioned, estrogen- 
treated rats, and Group 5 (4 animals) repre- 
sented the lesioned, oil-treated control group. 
Bilateral destruction of the mammillary body 
(MB) region was performed on day 21. Le- 
sioning technic was a modification of that 
described by Corbin and Schottelius(6). Ani- 
mals were allowed Rockland rat diet and 
water ad lib. Body weights were recorded 
every 5 days. From the time of vaginal 
opening, smears were examined daily up to 
time of autopsy to determine presence and 
length of cycles. On day 52, Group 4 received 
0.5 wg estradiol valerate in 0.1 ml of sesame 
oil, I.M. (a repository dose, effective for ap- 
proximately 3 weeks), and Group 5 received 
ao 0.1 ml of the vehicle. All rats were observed 
for behavioral changes, and were sacrificed 
on day 75. Fresh weights of pituitaries and 
reproductive organs (total weight of ovaries 
Es + oviducts + uteri + vagina) were re- 
CH ac corded. Brains were fixed in 10% formalin 
a 1 for 5 days, sectioned at 10 » and stained in 
i H and E. Data were statistically analyzed 
by Students’ “t” test. A probability of = 
0.05 was considered to be significant. 


Cycling be- 
gan, days 
post vaginal 
opening 
Constant estrus 


Diestrus 


Vagina 
opened 
treatment 
69 + 2.9 


Gee ll 
(6 animals) 


Ye) 
a 
all Su 


~ be 
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gan, days 
post vaginal days post 


opening 
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, 


Cyeling be- 


51 
5 


Day 
vagina 


opened 
60 + 5.7 
45 


7 
36 + 
(2 animals) 


tive organ 
wt (mg) 
(75 days) 


450.7 + 10.4 

490.6 + 29.1 

173.0 + 23.0 
SE 


166.6 + 30.1 


reated Female Albino Rats. No. of animals per group in parentheses. 
Reprodue- 


+ .46 
2 
2 


+ 
ps 
+ .49 


(75 days) 


Hypophy- 
sis wt (mg) 


6.41 + .51 


6.60 
i 
3.60 
3.60 


+ 5.7 
9 


(75 days) 
178.3 + 3.7 


170.8 
142.8 +10.3 


2 
144.5 


Body wt (g) 


Results. Results are summarized in 
Tables I and II. Histological examination 
of lesioned brains revealed damage limited to 
areas at the level of the MB. Animals with 
posterior hypothalamic damage showed defi- 
nite inhibition of reproductive organ devel- 
opment, their organs being less than ™% the 
weight of the normal controls. Groups 3 and 
5 had the smallest reproductive organ and 
pituitary weights. These animals exhibited: 
thin, unvascularized, atrophied sex organs. 
Moreover, the ovaries were pale, showing re- 
tarded follicular and luteal development. 
Pituitaries of animals in Groups 3, 4, and 5 
were significantly smaller than those of the 
normal and sham-operated controls, indicat- 
ing a direct correlation between hypophyseal 


1 days) 
1 + 2.6 
te 
5+1 
O+ .84 


9 
41.6 
2 


Group 3, lesioned untreated control (8) 42. 


(2 
9 
—— 


42.0 + 1.2 
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Lesioned Untreated, Lesioned Estrogen-Treated, and Lesioned Oil-T 
(4) 


roup 1, normal control (13) 
Group 2, sham-operated control (11) 


Group 4, lesioned estrogen-treated (8) 


Group 5, lesioned oil-treated control 


( 


TABLE I. Means and Standard Errors of Body Weights, Hypophyses, Reproductive Organs, Vaginal Opening and Cycling in Normal, Sham-Operated, 
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TABLE II. Table of ‘‘t’’? Values for Normal, 

Sham-Operated, Lesioned Untreated, Lesioned Es- 

trogen-Treated and Lesioned Oil-Treated Femaie 
Albino Rats at 75 Days. 


Repro- Day of 
Groups Hypophy- ductive vaginal 
compared Bodywt  siswt organwt opening 
1&2 1.10 28 1.33 1.35 
1&3 3.25* 4.56* 10S 4.03* 
1&4 1.42 LO 24 
1&5 2.52 4,18* 8.90* 1023, * 
2&3 3.58* 3.60* Bhar 4,21* 
2&4 Lyi 5.80* 1.24 
2&5 1.37 4.50* lel On IOS) 
3&4 43 2lete 8.31* 1.16 
3&5 10 1.90 ay 1.40 
4&5 33 gla 4.57* 
4&3+5 2.25 
P= 01 t P =.02 ¢ P =.05 


weight and hypothalamic integrity. 

Vaginae of Groups 1 and 2 opened between 
days 36 and 37, with a cycling pattern being 
established 7 days later. In contrast, Groups 
3 and 5 (which are theoretically identical) 
did not exhibit vaginal opening until days 
60 and 69, respectively, and thereafter gave 
continuous leucocytes smears. Thus, sesame 
oil alone had no effect upon Group 5. Group 
4 included 2 animals whose vaginae opened 
on day 45 which, nevertheless, remained in 
constant diestrus. 

The vaginae of the six estrogen-treated rats 
of Group 4 opened on day 53, one day after 
treatment. The reproductive organs of Group 
4 were equivalent in weight to those of the 
normal and sham-operated controls, at least 
by the time of sacrifice. 

While cannibalism and viciousness were 
present in some lesioned subjects, there were 
no indications of hyperphagic behavior or 
obesity. Estrogen was ineffective in reliev- 
ing the hostile attitude of such animals. Al- 
though a significant difference existed be- 
tween body weight of the normal controls 
and the lesioned untreated animals, this may 
be attributed to the fact that the lesioned 
animals reduced their food intake for about 


_2 weeks after operation. 


Discussion. Comparison of the reproduc- 
tive organs of a normal control, sham-oper- 
ated control, lesioned untreated, lesioned es- 
trogen-treated and lesioned oil-treated rat is 
shown in Fig. 1. 
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FIG. 1. Comparison of reproductive organs of nor- 

mal control (A), sham-operated control (B), le- 

sioned untreated (C), lesioned estrogen-treated (D) 

and lesioned oil-treated (HE) rat at 75 days. Re- 
drawn from photograph. 


Ovarian failure in the lesioned rats not re- 
ceiving estrogen therapy is evidenced by de- 
layed puberty, reproductive organ imma- 
turity and persistent diestrus state. Pitui- 
tary weights are compatible with such gona- 
dal hypofunction; but, as is generally con- 
ceded, weight alone is not a reliable index of 
hypophysial secretory function. It appears 
evident that posterior hypothalamic damage 
prevents elaboration or release of hypophysial 
gonadotropins, thus inhibiting ovarian estro- 
gen secretion; hence, the atrophy of the re- 
productive complex. 

Those animals receiving estradiol valerate 
showed vaginal opening within one day of 
injection, and exhibited reproductive organ 
growth comparable in weight to those of nor- 
mal and sham-operated controls, and in con- 
siderable excess of Groups 3 and 5. The hor- 
mone treated animals lacked developing ova; 
they exhibited a constant estrous state, as 
evidenced by continuous cornified smears. 
Absence of estrual cycling in these animals 
strengthens the concept of the dependence of 
gonadotropin release upon hypothalamic 
function. The lack of ova production and 
the state of impaired estrual cycling in all the 
lesioned animals (indicating absence of hypo- 
physeal-ovarian feedback) strongly imply 
failure of the FSH-LH mechanism whose 
maintenance is, in turn, dependent upon nor- 
mal hypothalamic integrity(8-11). 

Statistically, Groups 3 and 4 did not show 
a significant difference in day of vaginal 
opening which is misleading due to the fact 
that the opening was induced by estrogen 
treatment. Since the day of vaginal opening 
in Groups 4 and 5 is significantly different, 
and since Groups 3 and 5 are essentially iden- 
tical, the latter groups were combined for sta- 
tistical analysis. Consequently, upon com- 
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parison with Group 4, a significant difference 
was seen in day of vaginal opening.. 
Summary. Twenty, 21-day-old female al- 
bino rats were subjected to bilateral lesions 
of the region of the mammillary bodies. With- 
in one day of receiving a repository dose of 
0.5 wg of estradiol valerate, all 6 recipients 
showed vaginal opening with subsequent con- 
stant estrus and reproductive organ growth. 
Four animals receiving sesame oil and 8 re- 
ceiving no treatment exhibited definite signs 
of delayed puberty and reproductive organ 
immaturity. These results indicate the in- 
ability of the prepuberal hypothalamus to 
elaborate or secrete those neurosecretory sub- 
stances essential for the functional sexual 
state of the mammal, and the dependence of 
estrogen secretion upon normal hypothalamic 
activity as mediated via the hypothysis. 
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Adaptation of Fluorescent-Microscopy to Determination of Genetic 


Variations in Mouse Mammary Tumor Agent. 


(26496) 


Eric R. BROWN* AND JOHN J. BITTNER 
Division of Cancer Biology, Department of Pathology, Medical School, University of Minnesota 
Minneapolis 


It was previously found that fluorescent 
microscopy could be adapted for studying the 
antigenic mosaic make-up of tissues contain- 
ing the mouse mammary tumor agent (MTA) 
(1). While fluorescent microscopy, as 
Hughes(2) indicated, has definite limitations 
in differentiating neoplastic from normal tis- 
sues, we have found that this method offers 
certain advantages over the routine serologic 
and neutralization tests used for such studies. 

“Incidence” and “age of occurrence” of 
mammary tumors in the mouse, have been 
shown to be influenced by certain inherited 
factors(3). Especially implicated have been 
the hormonal make-up of the animal and the 
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genes responsible for natural protection or 
susceptibility to the MTA. Certain inbred 
stocks of mice have been developed that not 
only have a high incidence of tumors at an 
early age, but can pass the agent to succeed- 
ing generations by nursing. Inbred geneti- 
cally pure mice have also been selected which 
are highly resistant to the MTA. 

Little is known about the antigenic changes 
occurring within the MTA when it is passed 
from one strain of mice to another. In part, 
this is due to inability to isolate and purify 
a single entity which might be termed the 
“agent” and in part due to the time period 
necessary for neutralization tests. Inhibition 
or neutralization tests are the only reliable 
method so far available for determining the 
effect of antisera on the MTA. Unfortu- 
nately, it requires a period of 6 months, in 
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the case of positive tests, to 2 years to obtain 
the results of such studies. Despite these 
handicaps, some antigenic variations are 
known to occur when the MTA is transferred 
to different strains. Bittner and Imagawa 
(4) described the results of neutralization 
tests using antisera prepared from MTA ex- 
tracts. They noticed that antigenic differ- 
ences were apparent between the mammary 
tumor agent of a cancerous stock and that of 
F, hybrids having mothers of the same strain 
and that the antigenic properties of the agent 
in a transplanted tumor may become altered 
with continued passage of the tumor in agent- 
free animals. In collaboration with Hirsch 
and others, it has been reported(5) that an- 
tigenic variations occurred in the MTA de- 
pending upon passage of the tumors and the 
hosts. It was found that antisera produced 
against the agent in tumors transplanted in 
mice of the inbred strain neutralized the 
MTA in extracts of the same tumor grown in 
either inbred or agent-free F, animals. On 
the other hand, antisera elicited against the 
tumor which had been transplanted in F, 
hybrids neutralized the agent from similar tu- 
mors but did not neutralize the agent in the 
same tumors carried in inbred animals of the 
strain of origin. These experimental data 
could indicate that the antigenic characteris- 
tics of the MTA had been influenced by in- 
corporation of normal tissue component(s) 
from the host. 

Technic. To expand the initial findings on 
the antigenic changes mentioned above it 
was felt that fluorescent microscopy would 
offer several advantages: a) microscopic vis- 
ualization of site of reactivity on the antigen, 
b) more rapid method for obtaining results 
and c) a greater specificity in the reaction. 

Rabbit or guinea pig antitumor sera were 
prepared, as previously reported(1), against 
the Z tumor in Z mice and the A tumor in A 
mice where a minimum of 3 rabbits or 12 
guinea pigs was used for each serum prepara- 
ration. After exsanguination the sera were 
pooled and adsorbed with various normal 
mouse tissues to remove common antibodies. 
Ammonium sulfate fractionations were run 
to obtain a higher concentration of gamma 
globulins and the material was then conju- 
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gated with fluorescent dye(s) prior to testing: 
against tumors derived from mice of different 
strains. 

The preparation of isothiocyanate for con- 
jugation to the antisera was carried out by 
the method of Riggs(6). This dye was 
found to give maximum contrast when viewed 
under ultra-violet light. In addition to the 
use of isothiocyanate alone, the combination 
technic of Lissamine-Rhodamine RB 200 con- 
jugated to a 1% albumin solution and then 
mixed (1:20) with the isothiocyanate conju- 
gated antisera, was found effective in 
eliminating non-specific background fluores- 
cence. Preparation of the Lissamine-Rhoda- 
mine RB 200 was undertaken by the technic 
of Smith and associates(7). Method of prep- 
aration and staining of tissue slides was es- 
sentially that of Cherry and colleagues(8) 
using fluorescent-free paraffin mounts and 
tissues of 3 p» or less in thickness. The ma- 
terial to be studied was fixed in 10% formalin 
for 24 hours, carried through the usual dehy- 
dration cycles, cut, stained with the conju- 
gated antisera, washed with phosphate buf- 
fered saline, and mounted under a coverslip 
with buffered glycerol. 

The tissues found most convenient for ad- 
sorbing out common or normal tissue anti- 
bodies was liver powder; method of prepara- 
tion was that of Coons and associates(9). 
Mouse liver powder was obtained from both 
the strain C and strain Ax mice which did 
not contain the MTA. The rabbit or guinea 
pig antisera prepared against the Z tumor in 
Z mice, and the A tumor in A mice, were 
then adsorbed with one or the other of these 
liver powders prior to conjugation with the 
fluorescent dyes. The treated antisera were 
tested for specificity and degree of fluores- 
cence against host tumor specimens by the 
immuno-fluorescent technic described above. 
Normal mouse tissues, a spontaneously oc- 
curring sarcoma, and an adenocarcinoma pro- 
duced in an agent-free animal were used for 
controlled antigen studies. Normal guinea 
pig or rabbit sera were conjugated with the 
fluorescent dyes and used to control the se- 
rum preparations. For each slide stained 
with a fluorescent dye the next tissue slice 
from the microtome was stained with hemo- 
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toxylin and eosin for routine histologic com- 
parison. 

To avoid erroneous interpretation of the 
material and to have a more unbiased ap- 
praisal of the technic, ‘“‘unknown” tumor sam- 
ples were submitted for evaluation. One of 
the authors (JJB) selected animals bearing a 
tumor derived from a known strain and whose 
history was well pedigreed, as an unknown 
for the other author to evaluate. When re- 
ceived, the “unknown” tumor was numbered 
and prepared for fluorescent microscopy in 
the manner described above. ‘Unknowns” 
were compared to known tumors and degrees 
of fluorescence found using the various 
tumor antisera was noted. When the experi- 
ment was completed the findings were evalu- 
ated for specificity. 

Results. Early in these studies it was 
found that while either the rabbit or the 
guinea pig would respond to the antigenic 
stimuli of the mouse tumor antigen, that con- 
siderable ‘‘normal tissue antibodies” were 
also elicited by the animal. Most of the 
normal tissue antibodies were removed by 
adsorption (4 days with 6 hour changes of ad- 
sorbing tissue) with normal mouse liver pow- 
der and only a small amount of fluorescence 
in the preparations was then due to normal 
tissue antibodies. Despite the use of adsorb- 
ing powders a slight degree of nonspecific 
fluorescence was apparent in all of the studies. 
Best results. were obtained when strain C 
liver powder was used against the anti-Z or 
anti-A tumor sera to eliminate nonspecific 
fluorescence. Despite the handicap of a cer- 
tain amount of non-specific fluorescence, valid 
results could be obtained. Differences could 
be denoted in degree of fluorescence when 
the various antisera were reacted against the 
tumor material. The results (Table I) agree 
quite well with the neutralization studies re- 
ported by Bittner and associates(5), and in- 
dicate that this technic allows a faster, more 
specific method for studying degree of speci- 
ficity and reactivity of anti-MTA sera when 
reacted on heterologous tumors. 

Discussion. Fluorescent-antibody studies 
on antigenic variations of the MTA when it 
is passed in various host animals offer a 
rapid, inexpensive, and accurate technic for 
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determining specificity of the reaction. The 
only reliable method for determining anti- — 
genic variations in the MTA from normal 
tissues is the bio-assay method. Investiga- 
tions are now in progress to combine this 
method with the fluorescent antibody technic. 
Evaluation of results of these experiments 
will require at least 2 years. Studies are now 
underway to investigate antigenic changes 
which take place in MTA when it is carried 
in normal mouse tissues. 

The fluorescent-antibody technic has defi- 
nite limitations in defining the antigenic mo- 
saics of the mouse mammary tumor agent. 
The method is limited by the quality, speci- 
ficity and reactivity of the antisera under in- 
vestigation. Considerable skill is necessary 
to distinguish between the natural fluores- 
cence or non-specific fluorescence of the tu- 
mor preparation and that arising as a result 
of specific protein-protein interactions. In 
not every case is it possible to avoid these 
pit-falls. Despite these drawbacks, from 
Table I it becomes apparent that the fluores- 
cent-antibody technic has a high degree of 
accuracy, and in particular is a method which 
reduces the time factor for such studies from 
2 years to a few days. The conjugated anti- 
sera can be stored indefinitely by rapid freez- 
ing without appreciably changing the reac- 
tivity of the preparation, thus it is possible 
to develop a battery of conjugated antisera 
specific for each of the various materials as- 
sociated with the MTA. Use of the immuno- 
fluorescent technic allows a method to be de- 
veloped for better understanding of the ge- 
netic relationships of MTA and tumors con- 
taining MTA when correlated with animal 
studies. 

Summary. <A fluorescent-antibody system 
is reported which allows rapid analysis of the 
minor antigenic differences between mouse 
mammary tumor agent (MTA) extracts ob- 
tained from different sources. This method 
correlates very well with the bio-assay. 
method reported by Bittner and associates. 
An analysis of the antigenic component can 
be made within a few hours after receiving 
the MTA extract. In the older bio-assay 
method up to 2 years of observations were 
necessary for proper evaluation. The disad- 
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TABLE I. Fluorescent-Antibody Studies on Mouse Tumor Agent (MTA). Summary of effects of rabbit: 
anti-MTA sera adsorbed with normal C strain mouse liver powder, fractionated, and conjugated with iso~ 
thiocyanate, then reacted against MTA derived from transplanted tumors. Tumors were transplanted in 
either inbred or hybrid mice for 7 passages. 
ooo 


A tumor in 


Z tumor in 


regaaer, Normal 
: : x AxZbF] mouse 
Conj ugated rabbit A Z AxZbFl ZbAxFl A Z AxZbF1 TOAST tissue 
antisera preparation mice mice mice mice mice mice mice mice no MTA 
Anti-A sera adsorbed 4+ NT 2 3 NT 2 
with strain C liver hi - = Le re a 
powder 
Anti-Z sera adsorbed Se IND if 2 NT 4 2 
with strain C liver Ms = ae ke = 
powder 
Anti-A sera fraction- 4+ NT 1+ 2 NT + 1 -2 
ated and adsorbed Pa i ae 2 
with strain C liver 
powder 
Anti-Z sera fraction- + NT + a NT 4 3 
ated and adsorbed £ ne a a = 
with strain C liver 
powder 
Anti-A sera whole 4+ NT 3-4+ fee NT 3-4+ 4+ 4+ 3-4-+- 
unadsorbed 
Anti-Z sera whole 3-4+ NT 3-44+ 38+ NT 4+ 4+ 4+ 4b 
unadsorbed 
Normal control sera 
Normalrabbitsera 1-2+ NT 1-2+ 1-2-+ NT i+ 1-2+ 1-2+ 1-2+ 
whole, unadsorbed 
Normal rabbit sera 0 NT Ss 0 NT + + + = 


adsorbed with 
strain C liver 
powder and 
fractionated 


NT = no tumor take with transplanted tumor; 4+, maximum fluorescence; 3+, strong fluorescence; 


2+, avg fluorescence, not too bright; 1+, some slight fluorescence; 


apparent fluorescence. 


vantages of the fluorescent-antibody system 
include, a) interference by non-specific fluor- 
escence, b) limitations imposed by antisera 
employed, c) removal of normal tissue anti- 
bodies, and d) selection of appropriate fluor- 
escent dyes for conjugation to the sera. These 
disadvantages can be partially overcome by 
carefully selecting the antigens to be used for 
preparing antisera, adsorption of antisera 
with mouse liver powder extracts, concentra- 
tion of globulin fractions prior to conjugation, 
and use of sharply contrasting fluorescent 
dyes. 
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Effect of Oleyl Alcohol on Esterification of Cholesterol in a Pancreatic 


Extract. 


(26497) 


Paut W. O’ConNELL (Introduced by M. H. Kuizenga) 
Research Laboratories, The Upjohn Co., Kalamazoo, Mich. 


In describing an enzyme in acetone powder 
of pancreas which esterifies vit. A, Pollard 
and Bieri(1) noted the similarities (nonspeci- 
ficity of fatty acids and lack of requirements 
for coenzyme A activation) to cholesterol- 
esterifying enzymes of the pancreas(2,3). 
Employing a pancreatic extract with the same 
characteristics for study of cholesterol esteri- 
fication, we have observed that addition of 
the lipid-soluble, unsaturated aliphatic alco- 
hol, oleyl alcohol, resulted in its esterification 
and an increase in extent of sterol esterifica- 
tion. 

Methods and materials. The standard re- 
action mixture was an emulsion of the fatty 
acid and cholesterol (one member of the sub- 
strate-pair being isotopically labeled) in 0.15 
M potassium phosphate buffer, pH 6.2, con- 
taining sodium taurocholate (except where 
omission is noted in the tables), 10 mg per 
ml, and bovine serum albumin, 3 mg/ml. The 
fatty acid to cholesterol ratio was uniformly 
2.5 to 1. The substrates were added to the 
buffered solution in a small volume of ether 
and the mixture was swirled in a warm water 
bath while a vacuum was applied to the flask. 

Palmitic-1-C'™ acid and cholesterol-4-C™ 
were purchased from Volk Radiochemicals 
and linoleic-1-C'™ acid from Nuclear-Chicago. 
The unlabeled linoleic acid was obtained from 
Mann Fine Chemicals; palmitic acid was 
Eastman Kodak material. Commercial cho- 
lesterol was purified according to Hernandez 
and Chaikoff(3). 

The enzymatic reaction was initiated by 
adding to 7 ml of the emulsion (equilibrated 
with shaking at 37.5°C) one ml of a pancre- 
atic extract prepared by homogenizing fresh 
frozen pork pancreas in 5 volumes of cold 
0.25 M sucrose (or, in some experiments, gly- 
cerol:water, 1:1) and centrifuging lightly. 
The fluid portion between a white surface 
layer and the centrifuged residue constituted 
the enzyme source. After a 15 min incuba- 


tion, the reaction mixture was extracted twice 
with 15 ml volumes of hot chloroform. Where 
the production of cholesterol esters was an- 
ticipated, 10 mg of cholesteryl linoleate or 
palmitate were added as a carrier. The pooled 
chloroform extracts were concentrated to dry- 
ness and the residue taken up in Skellysolve 
B. In a single experiment, to be described, 
extraction was made with chloroform:me- 
thanol, 2:1 and the extract was washed with 
dilute alkali before subsequent Dowex-1 
treatment. In early experiments, unreacted 
acid was removed by washing the Skellysolve 
solution with aqueous ammoniacal ethanol. 
Later it was found more effective to pass a 
wet ether solution of the total lipid extract 
over Dowex-1 (OH™ cycle), using the pro- 
cedure of Savary and Desnuelle(4). An ali- 
quot of the solution after resin treatment 
could be counted for estimation of fatty acid 
incorporated into total neutral lipid. 

The chromatographic separation, “Scheme 
A” or “Scheme B”’, of Hirsch and Ahrens(5), 
scaled to 4 g silicic acid (Bio-Rad Labora- 


tories) was used for isolation of the choles-_ 


treol esters. Fractions were collected in 10 
ml volumes in vials used for the Packard li- 
quid scintillation spectrometer. The choles- 
terol esters, or simple esters, are eluted by one 
per cent ether in petroleum ether (Skellysolve 
B) and will be referred to as the ester frac- 
tion. Glyceride esters are eluted in subse- 
quent fractions. After evaporation of the 
eluting solvents, a sample was dissolved in 
10 ml of toluene containing 3 g 2,5-diphenyl- 
oxazole and 0.1 g_ 1,4-di[2-(5-phenyloxa- 
zolyl) |benzene per liter and_ radioactivity 
measured in the spectrometer. 

The oleyl alcohol employed in initial ex- 
periments was commercial material (Archer- 
Daniels-Midland, “Adol 85”) stated to be 
80% oleyl alcohol and the remainder as 
shorter chain saturated alcohols. In most of 
the experiments to be described, a purified 
sample, at least 95% pure, provided by Dr. 
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TABLE I. Effect of Oleyl Alcohol on Palmitate- 
and Linoleate-C“ Incorporation into Esters by Pan- 
ereatiec Extracts. 


: Oleylaleohol Radioactivity 

Fatty acid added ester fraction 

substrate (umoles/flask) (counts/min. ) 
Palmitate — 725 
805 
Linoleate — 8,150 
Palmitate 14 33,000 
35,000 
Palmitate 1.4 3,175 
Linoleate 30 15,770 
a 3.0 8,650 


= 


Each flask contained 7 ml of an emulsion of 
fatty acid (palmitate, 5 ymoles/ml, or linoleate, 10 
pmoles/ml, containing 4 X 10° counts/min. of re- 
spective C-labelled acid/umole), and cholesterol as 
described in Methods. The enzyme was added in 1 
ml of extract of pork pancreas in glycerol-water, 
1:1. Ineubation, 15 min. at 37.5°C. 


L. W. Beck, Procter and Gamble Co., was 
used. 
Results. Varying amounts of oleyl alcohol 


were added to the palmitic acid-cholesterol 
and linoleic acid-cholesterol reaction mix- 
tures, respectively, just before introduction 
of the pancreatic extract. The radioactivity 
appearing in the isolated ester fraction is 
shown in Table I. 

When an equimolar amount of oleyl alco- 
hol replaced cholesterol in the emulsion, 
11,000 cpm of palmitate were incorporated in 
the ester fraction during a 15 minute incuba- 
tion, and 13,675 cpm in 30 minutes. A small 
amount of clear oil obtained from silicic acid 
column fractions corresponding to the peak 
of ester radioactivity had an infrared spec- 
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trum consistent with an ester containing a 
double bond, and formation of oleyl palmitate 
was thus inferred. 

The same pancreatic extract was employed 
as the enzyme source for preparations in 
which the radioactive label was present in 
palmitic-1-C™ acid or cholesterol-4-C!4. The 
emulsions with radioactive cholesterol were 
prepared in presence and absence of sodium 
taurocholate. The results are summarized in 
Table II. 


TABLE III. Effect of Sodium Tauroecholate on 

Esterification of Palmitate-C™ with Oleyl Alcohol 

and Cholesterol, Alone or in Combination, by a 
Panereatic Extract. 


Radioactivity 

Saahaen (counts/min. ) 
Aleoholie taurocholate Total neu- Ester 

substrate (70 mg/flask) trallipid fraction 

Cholesterol — 1,675 430 
-_ 2,825 2,000 
Oley! alcohol — S25 2,215 
++ 7,725 2,800 
Cholesterol + = 13,100 10,000 
oleyl alcohol ae 22,625 18,225 


Conditions were same as in Table II. 


Table III contains additional information 
on the effects of taurocholate. The emulsions 
were prepared without the bile salt and with 
the usual concentrations of palmitate-C! and 
either or both oleyl alcohol and cholesterol. 
Taurocholate was added to the appropriate 
flasks as an aqueous solution during the equi- 
libration period. Extraction of these reac- 
tions was carried out with chloroform:me- 
thanol, 2:1. 


TABLE II. Esterification of Palmitic Acid with Oleyl Alcohol and Cholesterol, Effect of So- 
dium Taurocholate. 
OS eS 


Alcohol substrate 
(umoles/flask ) 


Cholesterol Oley] alcohol 


Radioactive substrate 


Sodium 
taurocholate 
(70 mg/flask) 


Radioactivity of 
ester fraction 
(counts/min. ) 


14 —- Palnitie acid* + 345 
— 14 3 a _ 2,955 
14 14 “i a 9,460 
14 — Cholesterolt — 35 
14 — te + 335 
RR 

14 y i 55 

14 14 3 + 2,640 


*4 x 10? counts/min./wmole. 


Each flask contained 7 
coholic substrate as deseribed in Methods. 


+ 5 & 10% ecounts/min./umole. 


ml of an emulsion of palmitic acid (5 wmoles/ml!) and appropriate al- 
Enzyme was added in 1 ml of extract of pork pan- 


creas in 0.25 m sucrose. Ineubation, 15 min. at BEB, 
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Discussion. The effects of additives on en- 
zymatic reactions involving lipids must fre- 
quently be interpreted with consideration for 
the possibility that physical changes in the 
system have altered the availability of the 
substrate to the enzyme. In the present in- 
stance, several reasons support the idea that 
some interaction of the 2 alcoholic substrates 
increases the reactivity of each. In Table I, 
the effect of oleyl alcohol addition is more 
pronounced in stimulating palmitate esterifi- 
cation than esterification of the presumably 
more soluble linoleate. Palmitate esterifica- 
tion was greater when cholesterol was present 
together with oleyl alcohol but only a portion 
of this increase was due to stimulation of cho- 
lesterol esterification. Thus, the data of 
Table II show that oleyl alcohol increased the 
cholesterol esterified about 0.5 p»mole, from 
335 to 2640 counts per minute, whereas to- 
tal palmitate esterified was increased about 
2.2 pmoles, from 345 to 9460 counts per min- 
ute, and oleyl alcohol esterification alone 
amounted to about 0.75 wmoles. The mere 
physical presence of cholesterol was capable 
of increasing oleyl alcohol reactivity (Table 
III) since the sterol is essentially unreactive 
in absence of taurocholate. 

Pancreatic extracts prepared on different 
days showed considerable variation in de- 
gree of activity. Quantitative comparisons 
could only be made between reactions run at 
the same time, and data of each table are 
from single runs. They are representative 
of many experiments in which qualitative re- 
lationships were always the same. Since all 
extracts were prepared from the same lot of 
tissue in frozen storage, day-to-day variations 
may well be related to physical conditions. 

The reactions described here proceeded 
quite as well anaerobically as aerobically and, 
in agreement with Pollard and Bieri(1), were 
not affected by treatment of the pancreatic 
extract with Dowex-1. In addition to the 
saturated and polyunsaturated acids used as 
representative fatty acid substrates in the 
experiments described, oleic acid also could 
serve. Thus, there is a close similarity to the 
vit. A esterifying system. Pollard and Bieri 
could find no requirement for taurocholate, 
and the effect of the bile salt on oleyl alcohol 
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esterification (Table III) is slight when com- 
pared with its action with the sterol. 

The cholesterol-esterifying enzyme in pan- 
creas was carried to a considerably higher de- 
gree of purity by Hernandez and Chaikoff 
(3). Although it was relatively non-specific 
for fatty acid substrates, they were able to 
elucidate several structural features of im- 
portance to the sterol specificity. If it is 
unlikely that the same pancreatic enzyme is 
catalyzing the esterification of several lipid- 
soluble compounds bearing a hydroxyl func- 
tion, the experiments described here never- 
theless establish an interrelationship. 

Before the effects are regarded as solely an 
in vitro phenomenon, it is worthy of note that 
Channon and Collinson(6) observed that 
oleyl alcohol fed to rats increased the non- 
saponifiable liver lipids and a substantial por- 
tion of the increase was cholesterol. In terms 
of certain present-day concepts of cholesterol 
absorption(7), the presence of oleyl alcohol 
in the intestinal mucosa together with the 
pancreatic enzymes required for cholesterol 
esterification could facilitate esterification 
and, hence, absorption. In view of the simi- 
lar reactivities of oleyl alcohol and vit. A, it 
is tempting to speculate that vit. A might 
similarly play a role in cholesterol esterifica- 
tion and absorption. Available information, 
however, makes it obvious that the vitamin 
is involved in sterol metabolism in a more 
complex relationship. Merton and associates 
(8) established that, under certain conditions, 
cholesterol feeding in rats may lower liver vit. 
A stores, but dietary vit. A deficiencies did 
not have direct effect on cholesterol levels. 
During these same studies, the first observa- 
tions were made which adumbrated the find- 
ing that vit. A is involved in mevalonic acid 
utilization and other aspects of sterol metabo- 
lism (9,10). 

Summary. Addition of oleyl alcohol to a 
pancreatic extract capable of cholesterol es- 
terification resulted in esterification of the 
aliphatic alcohol and stimulation of choles- 
terol esterification. Correspondingly, the ex- 
tent of the oleyl alcohol reaction was greater 
in presence of cholesterol. Some possible re- 
lationships of the findings to im vivo processes 
are discussed. 
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Modification of Glucagon-Induced Hyperglycemia in Rats 


by 17-ethyl-19-nortestosterone. 


(26498) 


RosBert L. HAZELWoop AND KEvIN D. O’BRIEN* 
Dept. of Physiology, Boston University School of Medicine, Boston, Mass. 


Considerable data are available indicating 
that 17-ethyl-19-nortestosterone (Nilevar) 
possesses potent myotrophic and anabolic 
properties as well as demonstrating a high 
anabolic to androgenic ratio(1,2,3).  Re- 
cently, Nilevar was demonstrated to reduce 
the hyperglycemia associated with injection 
of glucagon (HGF) in human subjects(4). 
The specific mechanism by which Nilevar ex- 
erts its suppression of a glucagon-induced hy- 
perglycemia is unknown. Blockade of glyco- 
genolytic pathways, decreased gluconeogene- 
sis, mediation through the pituitary or direct 
action on target endocrine tissues which affect 
any of the former, or a combination of the 
foregoing can be cited as the most likely pos- 
sibilities. 

Reported herein are studies carried out to 
determine more precisely the nature of Nile- 
var’s reduction of glucagon-induced hypergly- 
cemia. The ability of Nilevar to modify the 
glucagon tolerance test was compared with 
that of testosterone; additionally, castrated 
rats were compared with intact animals in 
their response to the hyperglycemic factor. 
Finally, hypophysectomized animals _ pre- 
treated with Nilevar were subsequently in- 


jected with glucagon to weigh the possible 
influence of hypophyseal secretions on the 
mode of action of Nilevar as an anti-hyper- 
glycemic agent. 

Methods. All rats employed in these studies 
were male descendants of the Sprague-Daw- 
ley strain, were fed Purina laboratory chow 
ad libitum, and were kept at a room tempera- 
ture of 74-78°F. Rats, hypophysectomized 
at a body weight of 200-210 g, were pur- 
chased from the Charles River Breeding Lab- 
oratories and were used 20 days postopera- 
tively. All injections were given daily at 
9:00 a.m. for 5 consecutive days; the ter- 
minal injection was given 2 hours before tak- 
ing the first blood sample. Both Nilevar and 
testosteronet were suspended in peanut oil 
such that 0.15 mg of either steroid was con- 
tained in 0.25 ml of vehicle. Control rats 
received peanut oil only in a volume equal 
to experimental groups. Cortisone acetate 
was suspended in saline such that 2.5 mg 
were contained in 0.25 ml. 

The glucagon tolerance test (GTT) was 
performed on rats fasted 4 hours (except in 
the study with hypophysectomized rats which 
were fed ad libitum to insure adequate liver 


* Holder of a N.S.F. Medical Student Research 
Fellowship. 
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FIG. 1. Glucagon tolerance tests in male rats inj. 
daily with 0.15 mg testosterone, with 0.15 mg Nile- 
var, or with 2.5 mg cortisone for 5 consecutive 
days. All groups were fasted 4 hr exeept the hypo- 
physectomized rats which were fed ad libitum. 


FIG. 2. Glucagon tolerance tests condueted in 
castrated male rats at varying post-operative 
periods. 


glycogen) at the conclusion of which the ani- 
mal was anesthetized with sodium pentobar- 
bital (40 mg/kg body weight) and a midline 
ventral incision made. In some cases a very 
small piece of liver was taken for initial gly- 
cogen content. Serial blood samples (0.15 
ml each) were obtained from the vena cava 
below the entrance of the renal vein. The 
control blood samples were taken immediately 
after injection of the crystalline glucagon so- 
lution? (0.1 mg/kg body weight) into the 


t Generously donated by Dr. W. R. Kirtley, Eli 
Lilly Co., Indianapolis, Ind. 
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vena cava and subsequent rinsing of the 
syringe with caval blood. 
the final caval blood sample was drawn a 
terminal sample was taken from the abdomi- 
nal aorta with the aid of a heparinized syringe 
to determine inorganic phosphorus and urea 
concentrations. Slices of liver and of the 
right testis were then quickly placed in tared 
test tubes containing 30% KOH for glyco- 
gen determination. The time from drawing 
the terminal aortic blood sample to the time 
the tissues were placed in KOH did not ex- 
ceed 30 seconds. 


Total reducing substances were determined 
on the serial caval blood samples using Nel- 
son’s colorimetric adaptation of the Somo- 
gyi method(5): serum inorganic phosphorus 
by the method of Sumner(6); urea by the 
diacetyl monoxine method of Rosenthal(7) ; 
and glycogen analyses were made by the an- 
throne method of Seifter e¢ al.(8). 

Results. Series I. Effect of Nilevar, tes- 
tosterone or cortisone pre-administration on 
glucagon-induced hyperglycemia. The re- 
sults are presented in Fig. 1 and Table I and 
clearly show that intact rats given a gluca- 
gon tolerance test (GTT) after a period of 
5-daily Nilevar injections demonstrate a 
modified hyperglycemic response. Addi- 
tionally, the anabolic steroid lowered blood 
urea levels significantly (p<.01). The pres- 
ence of the pituitary gland was not essential 
for Nilevar to exert its anti-hyperglycemic 
effect as there were statistically significant 
(p<.01) differences between the blood glu- 
cose data of this group and those of the oil 
controls during the established peak of glu- 
cagon activity. Despite this anti-hypergly- 
cemic effect, Nilevar was far less effective in 
increasing the body weight of the operated 
rats as compared with intact rats; also, there 
was no evidence of increased liver glycogen 
or decreased urea levels in the hypophysecto- 
mized animals as was seen in the intact rats 
receiving Nilevar. 

Five daily injections of testosterone (at a 
dose identical with that of Nilevar) failed to 
modify the GTT in the intact rat. No sig- 
nificant differences were observed when blood 
glucose data of the oil control group were 
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TABLE I. Effect of a Single Injection of Glucagon on Blood and Tissue Constituents of Rats 
Injected Daily for 5 Days with Nilevar, Testosterone and Cortisone. 
I ee Ee EAS eee Sak ata ge 
ee 


Avg wt Bloed values in mg % Glycogen as mg/g tissue 
Group No.rats gain, ¢ Phosphorus Urea Liver Testis 

Oil controls 8 +20 8.50 +1.1* 44.7 + 3.8 13.6 + 4.2+ 2.14 + .06 
Nilevar (5 days) 8 +38 Gol St 28-9) 1G 249 +3.2 2.44 + 04 
Testosterone (5 days) 8 + £6 Tet’ Se) 25) 38.9" 3.1.0 7.8 +12 2.16 + .04 
Wal cort. ( -?.') 8 - 8 OlOfe oe Odo 1? 60:2 = 5.4 2.22) + .03 
Hypox ole” ) 5 0 cave) GS op) (O8x0) Se 24553 Vee eI ee) ae 1) 
ee tN 4) 8 + 3 Oda ste” gots Wile ais Sill Oye se a PEG se (8 


* + stand. error. 


+ Pre-glueagon liver glycogen levels averaged 46.4 mg/g tissue for oil, Nilevar and testoste- 
rone groups; 80.2 mg/g for cortisone and Nilevar group; and 36.2 mg/g for hypophysectomized 


groups, both of which were non-fasted. 


compared with those of the testosterone 
group. Far less increment in body weight 
occurred with testosterone than when either 
oil alone or Nilevar was injected, and blood 
urea, inorganic phosphorus and testicular gly- 
cogen appeared essentially unaltered (Table 
i) 

When a daily dose of 2.5 mg of cortisone 
acetate was injected along with the standard 
dose of 0.15 mg Nilevar for 5 days, a super- 
normal response to the GTT lasting beyond 
the 100 minute observation period was ob- 
served. Also, in addition to this hypersensi- 
tivity to exogenous glucagon, blood urea and 
liver glycogen analyses indicate the failure of 
0.15 mg Nilevar daily to suppress the power- 
ful gluconeogenic action of the glucocorticoid. 

Series II. Sensitivity of castrated male 
rats to exogenous glucagon. ‘To test whether 
rats deprived of their normal endogenous 
supply of anabolic-androgenic — secretions 
would demonstrate any altered response to 
the pancreatic hyperglycemic factor, groups 
of rats were castrated and subjected to a 
GTT at varying post-operative times. Hy- 
persensitivity to exogenous glucagon is ap- 
parent in Fig. 2 where rats castrated 2 or 7 


days previous to the GTT can be compared 
with intact controls (p<.01 at every point 
for the 2-day castrate group; p<.01 at the 
40 and 60 min points for the 7-day castrate 
group). That this hypersensitivity to gluca- 
gon is transitory is apparent from the normal 
GTT response of the 2-week castrate group 
and by 30 days post-operatively there appears 
to be a definite resistance to HGF (p<.05, 
<.01,<.01 for the 40, 60 and 80 min blood 
samples respectively). Urea levels (Table IT) 
increased significantly when compared with 
intact control values (p<.01) as early as 2 
days post-operatively, returned to normal by 
the seventh post-operative day, only to rise 
once again by the thirtieth post-operative day 
(p<.0l). 

Discussion. As in man(4), Nilevar is an 
effective agent in reducing the hyperglycemic 
response evoked by exogenous glucagon in 
rats. Testosterone, however, appears to be 
without effect in this respect. It is unlikely 
that Nilevar-induced resistance to glucagon 
is mediated via hypophyseal activity, or even 
through the hypophyseal target areas, since 
the rats employed in these studies were hy- 
pophysectomized 20 days previously. Pro- 


TABLE II. Effect of a Single Injection of Glucagon on Serum Inorganie Phosphorus, Urea, 


and Liver Glycogen in 


Castrated Male Rats. 


Blood values in mg % 


Glycogen in mg/g tissue 


No. 
Group rats Body wt,g Phosphorus Urea Liver Testis 

Intact controls + NaCl 9 183 +9.1* 765 + 7 33.6 +2.6 46.3 + 5.9t 2.35 + .06 

es can + HGE 10 184 + 6.9 8.62 +2.9 375 + .7 11.8 +3.4 3.23 +1.8 
2 dayseastrate + HGF 7 161 + 7.4 7.82 + 4 652.8 + 1.9 16.7 + 3.1 — 
eee idem m isd 224 8.64 = 7 39.0 +15 9.0 + 2.5 +e. 
Tee d fo sill se wes: 7.95 + 8 38.9 +2.3 19.6 +1.8 — 
SOF aH a 14 313 + 4.6 7.4 se (2948.2) 2 13 Wt == 3.3 — 


* + stand. error. 


+ Pre-glucagon liver glycogen levels were in range of 38.5-49.1 mg/g tissue for all groups. 
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gressive postoperative atrophy of these tis- 
sues should render such an action partially 
or totally ineffective(9). Even though the 
GTT was modified in these operated animals, 
liver glycogen was grossly depleted indicat- 
ing that blockade of glycogenolysis was not 
the mode of action of Nilevar in these prep- 
arations. That the protection against gluca- 
gon-induced hyperglycemia afforded by Nile- 
var may be mediated through gluconeogenic 
channels was evidenced by the sparing of pro- 
tein concomitant with liver glycogen storage 
in the groups receiving Nilevar alone, as well 
as the exaggerated GTT curves, liver glyco- 
gen and urea levels in rats injected simul- 
taneously with a gluconeogenic steroid such 
as cortisone. The hypersensitivity of the 
cortisone-injected rats to glucagon is in agree- 
ment with data reported on other species sub- 
jected to this double-hormone treatment(10). 

Additional information as to the possible 
mechanism of action of Nilevar in curtailing 
the GTT was gained by testing the glucagon 
sensitivity of castrated male rats. The in- 
creased sensitivity of castrated rats to the 
hyperglycemic activity of HGF was transi- 
tory, the 2 and 7 days post-operative groups 
being hypersensitive, the 14-day castrates 
normal in their response, and 30-day post- 
operative group being refractive to exogenous 
glucagon. The explanation for the resistance 
which the one month castrate group demon- 
strated to glucagon is not readily available 
and is complicated by the fact that these ani- 
mals paralleled the hypersensitive 2-day cas- 
trates in all other parameters studied (Table 
II). The early post-operative hypersensitiv- 
ity to glucagon, in contrast to the ineffective- 
ness of injected testosterone to modify the 
GTT, would indicate that the mechanism 
whereby Nilevar exerts its protective influ- 
ence is probably not mediated by a simple 
regulation of endogenous testosterone secre- 
tion. 
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The testicular glycogen data presented here- 
in emphasize the stability of this carbohy- 
drate moiety and are in accord with observa- 
tions of other workers(11). Thus, a small 
but definite level of this polysaccharide ex- 
ists in the rat testis and it must be concluded 
that it is of little importance in contributing 
to the hyperglycemia induced by exogenous 
glucagon. 

Summary. Nilevar, but not testosterone, 
was effective in reducing the hyperglycemic 
response to exogenous glucagon in rats. Cas- 
trated rats were hypersensitive to the glu- 
cose elevating properties of glucagon for sey- 
eral days immediately after operation but by 
30 days were resistant to the effects of glu- 
cagon. The refractory state induced by Nile- 
var probably was not mediated through the 
hypophysis, the hypophyseal target glands, or 
by blocking hepatic glycogenolytic pathways. 


The excellent technical assistance of Barbara S. 
Hazelwood is gratefully acknowledged. 
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Effect of 3, 4-Dichloroisoproterenol (DCI) on Body Temperature 


Changes Induced by Bacterial Endotoxin. 


(26499) 


R. A. McLEAN aAnp L. Jor BERRY 
Smith, Kline and French Labs., Philadelphia, and Bryn Mawr College, Bryn Mawr, Pa. 


It is known that peripheral vasoconstric- 
tion occurs coincident with the onset of the 
pyrogenic reaction. Wells and Rall(1) sug- 
gested that the rise in body temperature re- 
sulted from a sudden and marked reduction 
in heat loss. They were later able to reduce 
and alter the febrile response in dogs with an 
adrenergic blocking drug(2). They induced 
fever in normal and in curarized dogs with 
intravenous doses of pyrogen obtained 
from Pseudomonas aeruginosa. N-ethyl-N- 
(2-bromoethy]) -1-naphthylenemethylamine 

HBr was their blocking agent. This com- 
pound is similar in mode of action to phe- 
noxybenzamine. It blocks the alpha recep- 
tors according to the hypothesis of Ahlquist 
(3). A peripheral vasoconstriction, mediated 
by excitatory adrenergic responses in the skin, 
is regarded by Wells and Rall as the means 
by which heat loss is reduced and body tem- 
perature is raised. Kroneberg and Kurbju- 
weit(4) were able to inhibit bacterial pyro- 
gen-induced fever in rabbits by pretreating 
‘the rabbits with reserpine. Iproniazid op- 
posed the reserpine effect. This constitutes 
additional evidence that adrenergic mechan- 
isms are involved but does not distinguish 
between excitatory or inhibitory factors. 

The compound DCI or 3,4-dichloroisopro- 
terenol is considered to be a specific blocker 
for inhibitory adrenergic responses(5,6). It 
was the only such drug which offered any 
protection against bacterial endotoxin de- 
scribed previously(7). Therefore, it was 
tested for ability to oppose the pyrogenic ef- 
fects of E. coli endotoxin in unanesthetized 
rabbits. 

Methods. Rectal temperature was meas- 
ured with a thermistor in normal unanesthe- 
tized white rabbits restrained in an open 
stock. A “fever index” was calculated in the 
manner of Beeson(8) by taking as a base 
level the animals’ temperature at time of in- 
jecting the pyrogen, and measuring with a 


planimeter, the area enclosed between this 
line and the course of the elevated tempera- 
ture. When temperature failed to return to 
the base level within the time limit a vertical 
line was drawn between the last temperature 
and the baseline. Fig. 1 illustrates this 
method. DCI and phenoxybenzamine solu- 
tions were made up in pyrogen-free injectable 
saline which was also used for the saline con- 
trols. These pretreatments were given to the 
rabbits subcutaneously 24 hours and 1 hour 
before endotoxin challenge. Difco crvstal- 
line lipopolysaccharide from E. coli (Code 
0127:B8, Control 118023) was the endotoxin. 
It was also dissolved in pyrogen-free saline 
and given intravenously in the marginal vein 
of the ear. Similar observations were made 
in mice with endotoxin being given intraperi- 
toneally. 

Results. The results of these tests are sum- 
marized in Table I. Very little, if any, pro- 
tection is apparent. The maximum rise in 
body temperature is the same in controls and 
DCI pretreated rabbits after 1.0 pg/kg iv. 
endotoxin. At a dose of 5 pg/kg the control 
maximum was 0.4°F less than that of the pre- 
treated rabbits but at 7 wg/kg, the opposite 
effect was seen. The DCI pretreated rabbits 
all had substantial fevers. In contrast, a 
group of rabbits pretreated in similar fashion 
with phenoxybenzamine experienced a very 
slight rise in body temperature. 
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FIG. 1. Fevers in rabbits presented in the graphic 

manner of Beeson (1947). Degrees Fahrenheit are 

plotted on ordinates against time in hr on abscis- 

sae. Indices on right are obtained with a plani- 

meter. ‘Dibenzyline’ is the trade name for phe- 
noxybenzamine. 
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TABLE I. Average Rectal Temperatures of Groups of Rabbits in Degrees Fahrenheit. 
Pretreatment 
Dose, Endotoxin Test intervals after endotoxin in hr Maxi- 
No. of mg/kg dose, i.v. mum 
rabbits Drug 8.¢. pue/kg Control .5 1.0 PAO 3.0 4.0 5.0 6.0 effect 
6 Saline blanks — (Saline) 103.7 103.4 103.3 103.4 103.4 103.6 103.6 103.5 — 4 
2 ” 9 es 1 104.3. 105.5 106.0 105.9 107.1 106.8 105.8 105.2 +2.8 
Seber 2x 10 1 103.8 104.7 105.2 105.2 106.6 106.6 105.6 105.7 +28 
5 Saline blanks — 5 103.3 103.9 104.3 104.5 105.7 105.7 105.0 104,1- -Fom 
5 eDGL Se 1K) 5 103.7 104.5 105.1 105.3 106.5 1096.2 105.3 104.5 +2.8 
3 Phenoxyben- PISS 3 5 104.1 104.3 104.2 104.5 104.3 104.6 105.1 1041 +10 
zamine 
3 Salineblanks  — 7 104.0 105.3 106.2 106.7 107.4 107.6 106.9 105.7 +36 
3) DCL 2x 10 7 103.5 104.2 104.6 105.4 106.2 106.1 105.2 104.0 42,7 


The effects of pretreatment with DCI and 
with phenoxybenzamine are also shown in 
Fig. 1. The first tier of areas are controls. 
Below this the fevers produced in 3 rabbits 
by an intravenous dose of 5 pg/kg of endo- 
toxin are portrayed. In order beneath these 
are similar responses in 3 rabbits pretreated 
with 2 doses of DCI 10 mg/kg, given 24 hr 
and 1 hr before the endotoxin. The lower 
tier clearly shows the antipyretic effect of 
phenoxybenzamine. This was to be expected 
from the report by Wells and Rall. Although 
the fever index is somewhat lower in the DCI 
pretreated animals than in those that re- 
ceived saline before endotoxin this difference 
is negligible when compared with the phe- 
noxybenzamine effect. Similar comparisons 
were made between saline and DCI pretreated 
rabbits at doses of 1 and 7 pg/kg i.v. endo- 
toxin. The fever indices in the first case were 
62 (saline) vs. 63 (DCI) and 102 vs. 84 in 
the second. Although fever indices in the 
DCI pretreated rabbits were lower at both 
the 5 we/kg and 7 pg/kg doses of endotoxin 
and a slight protective effect may be sug- 
gested it is not considered adequate to explain 
previous findings(7). Here phenoxybenzamine 
failed to offer protection against the lethal 
effect of bacterial endotoxin while DCI was 
clearly beneficial. In these rabbit tests phe- 
noxybenzamine was markedly antipyretic and 
DCI was not. 

Berry, Smythe and Young(9) had noted 
hypopyrexia rather than fever when large 
doses of endotoxin were given to mice. It 
seemed possible that their effects might be 
the result of heat loss through vasodilation. 


Such an effect would be opposite that pro- 
posed by Wells and Rall. If so, it might be 
susceptible to inhibition by DCI. To investi- 
gate this possibility 2 series of body tempera- 
ture measurements were made in mice treated 
and untreated before endotoxin administra- 
tion. These are presented in Fig. 2. Although 
average temperatures for the saline control 
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groups were slightly lower than comparable 
figures for DCI pretreated animals statisti- 
cal treatment indicated that the apparent dif- 
ferences were not at all significant. 


It would appear from this series of experi- 
ments that the unique type of adrenergic 
blockade produced by DCI(5,6) is not ef- 
fective against either fever or heat loss. It is 
concluded that some mechanism other than 
body temperature is concerned in the protec- 
tive action of DCI which has been observed 
in mice challenged with E. coli endotoxin(7). 


These data also suggest that the pyrogeni- 
city of an endotoxin is not directly correlated 
with its toxicity. This is an important ob- 
servation since many investigators use as an 
assay for endotoxin its ability to produce hy- 
perthermia in experimental test animals. If 
the assay employed fails to measure the ori- 
ginally significant property of an endotoxin, 
i.€., its toxicity, then the value of the assay 
needs thoughtful evaluation. 


Summary. 1) Pretreatment of rabbits 
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with DCI failed to prevent the pyrogenic re- 
action to injected bacterial endotoxin. 2) 
The hypopyrexia produced in mice by endo- 
toxin likewise was unaffected. 3) It is con- 
cluded that the type of adrenergic inhibition 
produced by this substance is not germane 
to the problem of body temperature changes 
induced by bacterial endotoxins. 
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Partial Replacement of Serum and Embryo Extract Requirements 


for Growth of Avian Cell Cultures.* 


(26500) 


RoBert E. NEUMAN AND ALFRED A. TYTELL 
Virus and Tissue Culture Research Division, Merck Institute for Therapeutic Research, 
West Point, Pa. 


Embryo extract has been employed exten- 
sively in tissue culture(1) since the discov- 
ery of its stimulatory effects by Carrel(2). 
Modern developments have eliminated this 
material in a majority of instances from the 
requirements of mammalian cells(3); never- 
theless, avian cultures, upon which the ini- 
tial observations were made, have continued 
to require embryo extract or components of 
embryo extract for satisfactory growth(4,5,6). 
Serum, traditionally necessary for mammal- 
ian cells, also has been essential to avian cul- 
tures in addition to the embryo extract (4,5,6). 

The present report concerns the growth re- 


* This work was completed under contract with 
Cancer Chemotherapy National Service Center, Nat. 
Cancer Inst., N.I.H., U.S.P.HLS. 


sponse of avian cultures to constituents of a 
serumless medium devised for cultivation of 
mammalian cells(7). 


Methods and materials have been described 
previously(6). In brief, cell suspensions of 
14-16 day white Leghorn chick embryo lung 
or heart were prepared by stirring the minced 
tissue 2-4 hours with 0.2% Difco 1:250 tryp- 
sin in Earle’s balanced salt solution at 37°C. 
The cell suspension filtered through gauze 
and collected by centrifugation was resus- 
pended in a complete medium containing se- 
rum and embryo extract(6). One ml amounts 
of the suspension containing 50,000 to 100,- 
000 cells per ml were pipetted into 15 & 125 
mm roller tubes placed in a slanted position 
in racks. The cultures were established 
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FIG, il, Bassons of chick embryo aoe cells to dif- 
ferent media. Growth period, 4 days. Cells fixed 
with Bouin’s and stained with Giemsa. X 30. 
a. Plated inoculum. b. Basal medium A. e. Basal 
medium A with 5% dialyzed bovine serum and 5% 
dialyzed embryo extract. d. Basal medium A plus 
special additives. e. Basal medium A plus special 
additives and 5% dialyzed bovine serum. f. Basal 
medium A plus special additives plus 5% dialyzed 
serum, no lactalysate residue. g. Basal medium A 
plus special additives, 5% dialyzed serum and 5% 
dialyzed embryo extract, no lactalysate residue. 
h. Basal medium A plus special additives, 5% dial- 
yzed serum and 5% dialyzed embryo extract, lac- 
talysate residue included. 


(plated) overnight by incubation at 37°C in 
an atmosphere of 8% carbon dioxide—92% 
air. The medium was removed and the 
tubes rinsed with Earle’s solution. The cells 
then were overlaid with one ml of basal me- 
dium containing graduated quantities of test 
materials. After further incubation for 3-5 
days growth was measured by the protein de- 
termination method of Oyama and Eagle(8). 
The basal test medium (Medium A) for these 
studies consisted of all the constituents of 
the serumless medium for mammalian cul- 
tures(7) with the exception of the special ad- 
ditives which were incorporated as indicated 
for individual experiments. The preparation 
of dialyzed bovine serum and dialyzed em- 


bryo extract used has been described(6). 

The relatively non-dialyzable portion of 
lactalysatet (lactalysate residue) was pre- 
pared by dialysis overnight against running 
tap water followed by dialysis for 24 -hours 
against several changes of an excess of de- 
mineralized water. The non-dialyzable resi- 
due then was freeze-dried. Hydrolysates of 
lactalysate residue were prepared by auto- 
claving 100 mg in 5 ml 6 N HCl in sealed 
tubes for 16 hours at 15 Ib. pressure. HCl 
was removed by flash evaporation. The hy- 
drolysate was taken up in ethanol and again 
flash evaporated. An aqueous solution of the 
hydrolysate was then decolorized with Darco, 
grade S-51.4 

Results. The appearance of typical chick 
embryo lung cultures in various media is 
shown in Fig. 1. The plated cells of the in- 
oculum (Fig. la) increased in size but did 
not multiply in Medium A (Fig. 1b). Sup- 
plementation with dialyzed embryo extract 
and dialyzed serum promoted rapid growth 
(Fig. 1c). Addition of pyruvate, insulin, sal- 
mine, lactalysate (or derived preparations), 
folinic acid and methyl oleate, which were 
special constituents of serumless medium, en- 
abled the cells to grow into sheets (Fig. 1d). 
Addition of dialyzed serum to the medium 
containing the special additives produced 
rapid growth (Fig. le) comparable with me- 
dia containing embryo extract and serum. In 
the presence of serum, omission of lactalysate 
or derivatives resulted in a marked toxicity 
(Fig. 1f). Embryo extract prevented this 
toxicity (Fig. 1g) as did the lactalysate prep- 
arations and good growth proceeded in me- 
dium containing embryo extract, serum, and 
special additives together with the non-dia- 
lyzable residue of lactalysate (Fig. lh). In- 
clusion of whole lactalysate in the most com- 
plex medium often resulted in a character- 
istic clumping of cells and less growth. In 
all further studies lactalysate residue was 
used rather than whole lactalysate. 

Investigation of the effect of special con- 
stituents added singly or in combination to 


t A pancreatic digest of lactalbumin, Edamin DR, 
Sheffield Chemical Co., Norwich, N. Y. 
{ A. H. Thomas Co., Philadelphia, Pa. 
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TABLE I. Effect of Insulin, Salmine, Pyruvate, and Lactalysate Residue on Growth of Chick 
Embryo Heart and Lung Cell Cultures. 


Insulin Salmine 
ug cell prot./tube ug cell prot./tube 
0 5% 0 5% 


ug/ml serum serum ug/ml serum serum 


Pyruvate Lactalysate residue 
ug cell prot./tube ug cell prot./tube 
0 5% 0 5% 


mM serum serum ug/ml serum serum 


Chick embryo heart 


0 4 138 0 30 48 0 30 ~=:102 0 22 18 
05s 10 121 sik 30 74 01 36 =-:116 25 54 56 
all 10 121 5 3 46 .05 36 =: 188 50 44 98 
5 20 138 i 38 84 ait 32 166 100 98 144 

i 36 150 3 44 166 2 38 ~=—s-:168 200 52 184 

2 34 178 5 38 6172 5 42 182 500 42 190 

5 40 190 8 38 =: 166 1 46 184 1000 46 186 

10 46 178 10 44 154 2 48 164 
Chick embryo lung 

0 36 82 0 96 36 0 100) 132 0 12 12 
05 38 80 ail 96 40 Aue alae, at) 25 28 42 
ail 38 80 See ell 40 05 LS 126 50 48 72 
5 46 88 iL 118 78 all 108 128 100 60 92 

i 52 94 3 126 §©156 2 ia} aay) 200 60 104 

2 54 102 5 aitey aly) 5 nln Ke sy 500 68 128 

5 58 116 8 102 §=182 1 112 #86158 1000 66 118 

10 64 88 10 104 158 2 118 162 


Inoculum was 80,000 cells/ml. Growth was 4 days at 37°C in basal medium A together with 
insulin, salmine, pyruvate, lactalysate residue, folinic acid and methyl oleate with and without 


5% dialyzed serum. 


medium A with and without serum demon- 
strated the stimulatory effects of lactalysate 
and derivatives, pyruvate, insulin, and sal- 
mine. Methyl oleate and folinic acid were 
not found to be consistently stimulatory. Mu- 
cic acid and galacturonic acid at no time ap- 
peared beneficial and were omitted from the 
media. In Table I is shown the growth re- 
sponse of chick embryo lung and heart cul- 
tures to graduated quantities of insulin, sal- 
mine, pyruvate and lactalysate residue. The 
basal medium was medium A, containing, un- 
less otherwise specified, 5 wg insulin, 5 pg 
‘salmine sulfate, 250 pg lactalysate residue, 1 
mM pyruvate, 0.1 pg folinic acid, and 5 pg 
methyl oleate per ml with and without 5% 
dialyzed bovine serum. It will be noted that 
omission of any one of the additives evalu- 
ated resulted in decreased growth. Optimal 
levels were approximately the quantities in- 
cluded in the complete medium (as listed 
above) and which were determined by pre- 
liminary experiment. The heart and lung cul- 
tures responded in a similar fashion. Growth 
was greatest in media containing serum. Vari- 
ation of the serum concentration over a range 
of 3 to 10% did not affect results appreciably. 

The role of lactalysate or derivatives was 


especially important in that these overcame 
the toxicity noted previously, which was 
characteristic of all samples of bovine serum 
from animals of relative maturity or chicken 
serum tested whether dialyzed or undialyzed. 
This toxicity of serum was manifested in the 
simpler medium A as well as in presence of 
the special constituents. In either case lac- 
talysate, its derivatives, or embryo extract 
overcame the toxicity. On occasion, lactaly- 
sate was not wholly satisfactory in media con- 
taining samples of serum which were excep- 
tionally toxic. Examination of the lactaly- 
sate revealed that stimulatory and protective 
factor(s) reside chiefly in the non-dialyzable 
portion comprising about 8% of the total. 
This “lactalysate residue” at 250 pg/ml sub- 
stituted completely for 1-5 mg of lactalysate 
to stimulate growth and consistently over- 
came toxicity of all sera tested. Although the 
non-dialyzable property of the active portion 
of lactalysate suggested a proteose or pep- 
tone, this concept was dispelled by the equiv- 
alent activity of lactalysate residue sub- 
jected to acid hydrolysis (Table II). Iden- 
tification of the active factor(s) is being in- 
vestigated. 

Bacto-peptone displayed activity but was 
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TABLE II. Relative Activity of Lactalysate, Lactalysate Residue and Its Acid Hydrolysate for 
Growth of Chick Embryo Lung Cultures. 


Ne ES EE eee 
oOo S—_<_om 


Lactalysate residue 


Lactalysate Lactalysate residue (acid hydrolysate* ) 
ug cell pro- pg cell pro- ug cell pro- 
mg/ml tein/tube mg/ml tein/tube mg/ml tein/tube 

i) 12 0 12 0 12 

al 12 025 106 025 102 

5 30 05 138 05 128 
1.0 60 ll 172 ls 158 
2.0 100 2 186 2 166 
3.0 122 3) 194 
5.0 142 1.0 186 


* Autoclaved 16 hr in 6 N HCl. Inoculum was 80,000 cells/ml. Growth was 4 days at 37°C 
in basal medium A with special additives and 5% dialyzed bovine serum. 


much less potent than lactalysate. Bacto- 
tryptone and Difco proteose-peptone were 
not significantly active. 

Bovine fetal serum containing essentially a 
gamma protein which was 39% a-globulin,’ 
presumably largely fetuin, proved to be an 
exception among all sera tested in that it was 
non-toxic. Table III gives a comparison of 
growth of chick embryo lung cultures in me- 
dia containing dialyzed fetal calf serum and 
dialyzed bovine serum. The contrast in toxic 
properties of the 2 sera may be noted. Ad- 
dition of lactalysate or embryo extract was 
unnecessary for maximal growth with fetal 
serum. However, growth was inferior to that 
in media containing either of these factors 
together with the customary bovine serum. 
Fetuin stimulated growth in absence of serum 
as did the lactalysate residue or embryo ex- 
tract, although it did not overcome toxicity 
of bovine serum. The effectiveness of fetal 
serum apparently is not attributable to its 
high content of fetuin. 

Relative growth rates of chick embryo 
lung cultures on different media are shown in 
Fig. 2. Inclusion of the special additives with 
medium A accelerated growth. Further addi- 
tion of 5% dialyzed serum supported growth 
rates comparable to those in media contain- 
ing 5% dialyzed serum and 5% dialyzed em- 
bryo extract. 

Freshly prepared chick embryo lung cells 
were found to plate out and grow in media 
containing the special additives and 5% 


§ Obtained from Colorado Serum Co., Denver, 
Paper electrophoretic analysis by Dr. A. I. Schepartz, 
Merck, Sharp and Dohme. 


dialyzed serum without previous establish- 
ment in media containing embryo extract. 
These cells were grown through several sub- 
cultures. Growth rates declined, however, 
and it became apparent that surviving cells 
would represent a selected or adapted popu- 
lation, and the cultures were abandoned. 


Discussion. Of particular interest in 
growth of the avian cultures were the bene- 
ficial effects of the special additives even in 
presence of serum. Salmine, which enables 
cells to adhere to surfaces of culture vessels 
(9), possibly complemented the action of 
suboptimal concentrations of naturally oc- 
curring “‘sticking” or “spreading” factors. 
Insulin may also be required in relatively high 


TABLE IIT. Comparison of Growth of Chick Em- 
bryo Lung Cultures in Media Containing Dialyzed 
Fetal Calf Serum and Dialyzed Bovine Serum. 


Addition to basal medium :* 


Dialyzed 
bovine 250 wg lae- 5% 
serum talysate 2mg Embryo 
(%) None residue/ml fetuin/ml extract 
(ug cell protein/tube) 
0 16 114 74 64 
2 38 158 92 172 
5 36 202 56 178 
10 46 224 44 206 
Dialyzed 
bovine 
fetal serum 
(%) 
0 16 108 82 58 
2 130 140 114 136 
5 148 138 132 118 
10 146 166 146 128 


Tnoeulum was 80,000 cells/ml. Growth was for 4 
days at 37°C, 


* Basal medium A containing insulin, pyruvate, 
salmine, oleate and folinie acid. 
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FIG, 2. Growth rates of chick embryo lung culture 


in different media. A. Basal medium A. B. Basal 
medium A plus special additives. C. Basal medium 
A plus 5% dialyzed bovine serum and 5% dialyzed 
embryo extract. D. Basal medium A plus special 
additives and 5% dialyzed bovine serum. E. Basal 
medium A plus special additives, 5% dialyzed bo- 
vine serum, 5% dialyzed embryo extract, no lac- 
talysate residue. 


concentrations for maximal growth rates un- 
der im vitro conditions. Pyruvate promotes 
growth of isolated Walker carcinosarcoma 
256 cells(10) and cells in serumless media 
(7). Oleate and folinic acid did not signifi- 
cantly stimulate growth presumably due to 
their presence in the serum or to metabolic 
capacities of the cells. Lactalysate appar- 
ently not only provided additional growth 
factor(s) as indicated by stimulation either 
in presence or absence of serum, but it also 
functioned specifically to overcome severe 
toxic effects of serum. Embryo extract, too, 
was highly effective in preventing serum toxi- 
city which may account in part for the re- 
quirement for this material. Toxic fractions 
have been prepared from serum by Cohn frac- 
tionation procedures(11). Fetal calf serum 
was observed to be non-toxic although its 
growth-supporting potential was inferior to 
other bovine serum. 

Conceivably, unusual specimens of serum 
from more mature animals but containing 
maximal concentrations of sticking factors 
and other stimulatory substances and mini- 
mal toxic substances would support satisfac- 
tory growth of avian cells in absence of em- 
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bryo extract, lactalysate or derivatives. Har- 
ris and Kutsky grew cultures of chick myo- 
blasts which required both serum and nucleo- 
protein prepared from embryo extract(5). 
Subsequently, Harris grew myoblasts in a 
specimen of serum to which the addition of 
embryo extract or nucleoprotein was unnec- 
essary(12). He further demonstrated a re- 
quirement for the dialyzable portion of the 
serum or for Bacto-peptone. In the present 
studies the sera tested with the exception of 
fetal calf serum, whether of chicken or bo- 
vine origin, whole or dialyzed, supported sat- 
isfactory growth of the chick lung or heart 
cells only in presence of embryo extract, lac- 
talysate or its derivatives. Serum dialysates 
were not found to be active. Limited growth 
could be obtained without embryo extract or 
lactalysate factor(s) by employment of 
large inocula (300,000/ml), perhaps due to 
conditioning of the medium. Proteose-pep- 
tones were found to be highly stimulatory as 
substitutes for embryo extract for growth of 
explants in plasma clots(13). An anti-toxic 
action was not ascribed to such materials. 
Although in the present studies the activity 
of lactalysate was concentrated in the non- 
dialyzable portion, the capacity of the lac- 
talysate residue to stimulate growth and to 
overcome toxicity of serum was not destroyed 
by acid hydrolysis. Evidently the active fac- 
tor(s) was not peptone in character. 

Summary. Salmine, pyruvate, insulin and 
lactalysate or its derivatives have been shown 
to replace partially requirements of avian 
cell cultures for serum and embryo extract. 
In addition to these factors, however, serum 
was required for growth comparable to that 
attained in the basal medium containing both 
serum and embryo extract. A function of lac- 
talysate and embryo extract was inhibition 
of a toxic effect of serum. The stimulatory 
and “anti-toxic” effects of lactalysate were 
confined largely to the non-dialyzable portion. 
Nevertheless, the activity of acid hydrolysates 
of the lactalysate residue demonstrated that 
these properties were not dependent on a pro- 
teose or peptone. 


We wish to acknowledge the excellent technical as- 
sistance of Miss Joan L. Molowski. 
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(Introduced by L. D. Carlson) 


Dept. of Physiology and Biophysics, University of Washington School of Medicine, Seattle 


Ogata(1) reported the existence of both 
active and inactive sweat glands in man. Al- 
though no difference between these 2 types of 
glands is seen histologically, only the active 
glands appear to be stimulated to secretion by 
either pharmacological agents or thermal 
stress. Because the number of sites of secre- 
tions was used as an index of the number of 
sweat glands, the data reported here are as- 
sumed to be applicable to only the active 
sweat glands, by Ogata’s distinction. 

In Japanese subjects Kawahata(2) showed 
that the number of sweat glands is smaller at 
birth than at 2 years of age, and suggested 
that initially inactive glands may be recruited 
into use during the first years of life. In sup- 
port of this suggested environmental influence 
on eventual number of sweat glands, he sub- 
sequently demonstrated that Japanese born 
and living in tropical areas have a greater 
number, and consequently a greater density 
of sweat glands than members of the same 
racial group inhabiting temperate zones. 
Seemingly further weight is added to these 
suggestions by Kawahata’s finding that Cau- 
casian (Russian) subjects living in northern 
Manchuria have fewer active sweat glands, 
despite larger average body size, than do Jap- 
anese from temperate climates. In making the 


* Current address: School of Med., Mie Prefecture 
University, Torii-cho, Tsu, Japan. 


latter comparison, however, Kawahata noted 
that possible racial differences might have in- 
fluenced these data. Kawahata and Saka- 
moto(3) have shown that Ainos in Hokkaido, 
Japan, have fewer sweat glands than do Jap- 
anese inhabiting the same island. Both fac- 
tors modifying sweat gland distribution, racial 
and environmental, merit additional study. 

Methods. The subjects sampled consisted 
of male Negroes and male and female Cau- 
casians and Eskimos. The Negro subjects 
were born and lived in the midwestern United 
States. The origins of the Caucasian group 
were varied as shown in Table II. The Es- 
kimo group was sampled in their native vil- 
lage (Anaktuvak Pass) in the Brooks moun- 
tain range in interior Alaska. The ages of 
all subjects are reported with the observed 
sweat gland data in Tables I to III. 


Sweat gland measurements were made in 
heated chambers maintained at 41°-42°C 
after the subject had been in the room for 30- 
50 minutes and was sweating maximally. 
Sweat glands were counted by Jurgensen’s 
method as modified by Kawahata(2). This 
method consists of counting under magnifica- 
tion (10) the sites of sweat secretion on the 
skin surface covered with tinted cedar oil. 
The secretion sites corresponding to the 
openings of the underlying glands are counted 
within a 0.09 cm? area stamped onto the skin 
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8. Oyama, V. I., Eagle, H., zbid., 1956, v91, 305. 
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TABLE I. Male Caucasian and Male Negro. 
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TABLE III. Eskimo. 


Subj. 
No. Age (yr) 


Total sweat No. of sweat 
glands (10°) glands (per em?) 


Subj. Total sweat No. of sweat 

No. Age(yr) glands (X10°) glands (per em?) 

A. Male Negro (mean S.A. — 1.86 M2) 

1 25 2024 115 

2 20 2046 109 

3 21 2058 114 

4 22 2138 109 

5 23 2199 124 

6 st 2203 125 

if 20 2256 132 

8 19 2313 136 

9 36 2371 100 
Mean + S.E. 2179 + 115 117 +11 

B. Male Caucasian (mean S.A. = 1.88 M2?) 

it 25 1800 92 

2 26 2304 125 

3 21 2364 119 

4 21 2369 130 

5 23 2405 126 

6 16 2523 139 

7 27 2579 147 

8 18 2640 126 

9 22 2815 179 

10 24 2894 128 
Mean + S.E 2469 + 290 131 + 21 


before application of the oil. Estimation of 
active glands depends on averaging sample 
points(3-5) at 20 different skin regions over 
the body. Eight regions were used for the 
Eskimo group (forehead, cheek, upper and 
lower arm and leg, and dorsum of hand and 
foot). From these data both total number 
and distribution of active sweat glands may 
be estimated. The surface area for each meas- 


TABLE II. Female Caucasian. 
(Mean S.A. = 1.63 M?) 


Totalsweat No.of sweat Geo- 
Subj. Age glands glands graphical 
No. (yr) (GG1.03) (per cm’) origin 
1 ug 2478 170 Denmark 
2 22 2501 Lal. Germany 
3 21 2572 147 U.S.A. 
4 22 2663 182 Germany 
5 20 2849 154 U.S.A. 
6 18 2984 178 # 
Uf I® 3010 182 a 
8 19 3069 185 ai 
9 20 3111 200 Germany 
10 18 3155 184 UESZA; 
11 20 3254 183 Turkey 
12 25 3279 221 & 
13 20 3533 204 U.S.A. 
14 17 3551 219 Turkey 
15 24 3611 240 a 
16 21 3679 211 Holland 
iY 29 3827 236 Hungary 
Mean + S.E. 3123 +410 192 + 25 


A. Male Eskimo (mean 8.A. = 1.77 M?) 


il 27 1727 102 
2 44 2077 118 
B. Female Eskimo (mean S.A. = 1.58 M?) 

1 18 2452 157 
2 23 fie 105 
3 20 2592 165 
4 14 2725 192 
5 16 3068 206 
6 35 2476 155 
7 29 1934 124 
8 36 2071 141 

Mean 2386 156 


ured body region was derived from a linear 
formula suggested by DuBois and modified 
by Kawahata(4). Whole body surface areas 
for the Eskimo group were estimated from 
height and weight, according to the method 
of DuBois(5). The accuracy and reproduci- 
bility of measurements of active sweat glands 
during maximal sweating have been confirmed 
by Randall(6). 

Results. Tables I to III contain the data 
for all subjects. The density and total num- 
ber of sweat glands for Caucasian men ex- 
ceeds those for the Negro subjects (P< 
0.02),t even though these 2 groups have simi- 
lar average whole body surface areas (1.88 
and 1.86 m?) (Table I). Further, compari- 
son of these data with those in Table IT shows 
that Caucasian women exceed both Caucasian 
and Negro men in these measures (P<0.01). 
Even though average whole body surface 
areas (1.63 m?) for the Caucasian female 
subjects are smaller (P<0.01) than those of 
the males of the same race (1.88 m?), the 
total number of glands appears to be greater 
(P<0.01). 

Both of these measurements are smaller 
for the Eskimo than for the Caucasian 
women (P<0.05) whereas no apparent dif- 
ferences (P>0.05) exist either within the 
Eskimo group or between these two races for 
male subjects, although the sampling of Es- 
kimo men was too small to support conclu- 
sive statements (Table III). 


Discussion. According to  Randall(6) 


t Fisher T test. 
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higher environmental temperatures are re- 
quired to produce observable sweat  secre- 
tions from normal glands than from those af- 
fected by mecholyl iontophoresis. He sug- 
gests on this basis that the “inactive glands” 
described by Ogata(1) were simply not re- 
sponding to the thermal stimulus. Ogata re- 
ported earlier, however, that the same total 
number and distribution of sweat glands 
were measured with either extreme heat or 
locally injected pilocarpine. Using injected 
acetylcholine instead of pilocarpine, Kawa- 
hata(7) obtained similar results. 

Other evidence also argues against the as- 
sumption that less active sweat glands may 
be mistaken for inactive glands in these meas- 
urements(8). These data show that sweat 
production follows predictably with increas- 
ing degrees of locally applied thermal stress, 
although total number or position of active 
glands does not change. 

Since a tropical environment influences 
early activation of sweat glands, it might ap- 
pear surprising that the Caucasian males 
showed a greater number of activated sweat 
glands than did the male Negroes, members 
of a racial group with essentially a tropical 
origin. However, the Negro subjects in this 
study were born and reared in temperate cli- 
mates and these physiological measurements 
might more predictably reflect environmental 
than genetic factors. This might also be 
pertinent to an interpretation of Thomson’s 
report(9) of no differences in sweat gland 
density between native Negroes and immi- 
grated Caucasians in tropical Africa. These 
data, however, may not have been gathered 
under conditions of maximal sweating, as in- 
dicated by Kuno(10). Ages of the Cau- 
casians at time of immigration must be con- 
sidered. In view of the similarities of en- 
vironmental influences on Negro and Cau- 
casian groups in this study, the reported dif- 
ferences in sweat gland density most reason- 
ably appear to be of a racial origin. 

The sex difference in sweat gland distribu- 
tion in the Caucasian group may appear para- 
doxical considering the observations of Tan- 
aka(11) and others(12-15) that the male 
Caucasian response to thermal sweating is 
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greater than that of the female Caucasian. 
However, this difference may be one of re- 
sponse threshold to stimulation and activity 
level of the activated sweat gland and not 
one of distribution. Additional data on other 
racial groups must be obtained before these 
observations can be attributed to a sex dif- 
ference, rather than to environmental or other 
factors. 


It is interesting that the measurements in- 
dicate that Eskimo women had fewer active 
sweat glands than female Caucasians have; 
however, both environmental and racial ef- 
fects may be operating. The efficient micro- 
environment of the Eskimo even in the ex- 
treme thermal stress of their natural climate 
must be considered before these differences 
are attributed to environmental factors. 

Summary. Total number and distribution 
of active sweat glands were determined for 
American Negro, Caucasian and Eskimo sub- 
jects under conditions of maximal thermal 
sweating. Both sexes were included in Cau- 
casian and Eskimo groups, whereas only 
adult, male Negro subjects were investigated. 
A greater density and total number of active 
sweat glands were found in Caucasian males 
than in Negro males; Caucasian women ap- 
pear to exceed any other group in these meas- 
urements, regardless of race or sex. The 
measurements in Eskimo women did not fol- 
low this pattern and they appear to be like 
the others measured. 
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Pulmonary embolism by _ trophoblastic 
fragments during pregnancy was first dem- 
onstrated by Schmorl(1), and is now consid- 
ered a commonplace finding in normal gesta- 
tion. Park(2), as well as Bardawil and Toy 
(3) have implied that one may anticipate 
uncomplicated trophoblastic embolism to the 
lungs in roughly half of all seemingly physi- 
ological pregnancies. The fate of ectopic 
trophoblasts has aroused particular interest 
as a possible factor in the genesis of chorio- 
carcinoma. Experiments such as those by 
Park(2) have suggested a destiny no more 
threatening than ultimate degeneration and 
disappearance from the host. 

Until recently, free trophoblastic embolism 
has been observed only in the pulmonary 
capillaries. Douglas et al.(4) recently re- 
ported isolation of syncytial masses at time 
of Caesarean section from the veins of the 
broad ligament in 8 of 13 cases, the ovarian 
veins of one patient, and the inferior vena 
cava in 3 samples from an unstated number 
of cases out of a total of 33 explored. At- 
tempts to isolate trophoblasts from the ante- 
cubital vein failed to reveal positive results. 
The desirability of a statistical perspective 
on the problem of trophoblastic embolism 
and its analysis has induced the authors to 
submit their results of a similar survey. 

Materials and methods. Blood samples 


* Aided in part by USPHS Grants and. by the 
Lydia Raymond Research Fund, Framingham Union 
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were drawn from a total of 155 patients in 
various stages of pregnancy, 10 of whom were 
in active labor at time of sampling. Speci- 
mens were obtained in all cases from the an- 
tecubital vein and in 22 of these patients 
blood was also secured from the placental 
site during Caesarean section. Ten smears 
and a serially sectioned cell block were ex- 
amined in each of the first 130 cases; 5 
smears were evaluated in each of the remain- 
ing 25 cases. The latter included 5 samples 
from the placental site. 


Early attempts to apply the method of 
Sandberg and Moore(5) yielded unsatisfac- 
tory results. The majority of samples have 
been processed according to the technic of 
Malmgren and his group(6) as later modified 
by Long and his colleagues(7). Heparinized 
blood is centrifuged and the cellular sediment 
treated with streptolysin O to destroy eryth- 
rocytes and polymorphonuclear leukocytes. 
The remaining cellular debris is concentrated 
by centrifugation and smeared out on slides 
for staining by the Papanicolaou technic. 

All slides were scanned systematically with 
a mechanical stage; all positive or equivocal 
cell forms were marked and restudied until 
classified. 

Results. In no case was a cell remotely 
resembling ectopic trophoblasts — retrieved 
from the antecubital vein of a pregnant pa- 
tient. Occasional bizarre forms were ob- 
served but rejected as blood cell debris upon 
close examination. In 3 cases, all sampled at 
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Embolie syneytial trophoblast recovered 
from placental site at time of Caesarean section. 
This syncytial knot exhibits typical multinucleate 
pattern, peripheral brush border, and abscissional 
zone. Operation performed because of pelvic dis- 
proportion and toxemia. (F.U.H. Case No. 154988.) 


the placental site, questionable multinucle- 
ate debris was isolated, but distinction be- 
tween partially disintegrated syncytium and 
fortuitously coalescent lymphocytic flotsam 
was not possible. 

In a fourth case, a single syncytial embolus 
was isolated from the placental site (Fig. 1). 
This cell, evidently a detached knot, was com- 
pletely consistent with syncytial trophoblast 
by the usual histological criteria. This pa- 
tient FUH #154988, a 29-year-old Gravida 
II Para I, came to Caesarean section because 
of pelvic disproportion and toxemia. 

Discussion. The clearcut identification of 
embolic trophoblast ex situ presents a chal- 
lenge to even the most experienced observer, 
particularly in evaluation of severely auto- 
lysed remnants. The ubiquitous megakaryo- 
cyte, first described as a frequent impactus 
in the pulmonary capillaries by Aschoff(8), is 
easily distinguished from trophoblast except 
in poorly preserved specimens. The isolation 
of Langhans cells, however, is much more dif- 
ficult; except in metastatic mole or chorio- 
carcinoma, it is practically impossible to iden- 
tify them cytologically as emboli, and pub- 
lished reports of cytotrophoblastic embolism 
must be evaluated with extreme caution. In 
the more than one thousand slides of the 
Boston Lying-in Hospital series reported 
earlier(3), not one definite Langhans cell was 
found although many hundreds of syncytial 
emboli were identified. The blood samples 
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examined in the present series yielded a va- 
riety of bizarre cellular elements, but none 
was felt to warrant identification as tropho- 
blast. 

The demonstrations by Douglas and _ his 
group(4) are wholly consistent with syncy- 
tium, and are valuable documentation of a 
previously assumed but uncharted stage along 
the route from chorion to lung. Our own ex- 
perience in sampling the peripheral circula- 
tion has confirmed our a@ priori impression of 
the near futility of small and random samples 
in attempting to trap circulatory emboli 
which occur infrequently and inconstantly. 
Whether uterine commotion, a classically pos- 
tulated agent in setting trophoblastic emboli 
adrift in the maternal circulation, may ex- 
plain the greater yield in the Douglas series 
is a matter of speculation. 

The absence of trophoblastic cells from 
antecubital specimens in either study is sig- 
nificant. Most workers have assumed almost 
total trapping of embolic matter in the pul- 
monary capillaries. While the possibility of 
passage through the lung may not be ex- 
cluded, the phenomenon remains wholly un- 
documented. Animal studies reported else- 
where(3) have suggested virtually complete 
filtration of trophoblastic emboli in the lung; 
follow-up experiments planned in this labora- 
tory will attempt a review under more strin- 
gent conditions. Granted the occasional pas- 
sage of a trophoblastic fragment through the 
pulmonary capillaries, it is hardly necessary 
to stress the extreme unlikelihood of retriev- 
ing such a seldom traveler with a random 
venipuncture. 

Summary. A total of 155 blood samples 
from the peripheral circulation of patients in 
varying stages of pregnancy have been 
screened for embolic trophoblastic cells by 
one of the standard technics for segregation 
of circulating cancer cells. A single syncytial 
embolus has been found in a specimen from 
the placental site at time of section; all other 
samples have been negative. Statistical and 
technical difficulties are discussed briefly. 
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The mecholyl (methacholine) test has been 
proposed as a measure of sympathetic tone 
(1). Funkenstein(2) postulated that the 
differences in reactivity of the systolic blood 
pressure in human subjects to injection of 
mecholyl was related to the relative excre- 
tion of epinephrine and norepinephrine. He 
suggested that those subjects whose blood 
pressures returned rapidly to the base line 
after injection of mecholyl had reacted by 
producing more norepinephrine; in contrast, 
those whose blood pressures stayed low for a 
long period were assumed to produce more 
epinephrine in response to stress. Elmadjian 
(3) studied urinary excretion of epinephrine 
and norepinephrine and was able to correlate 
the mecholyl area with the excretion of nor- 
epinephrine but not with epinephrine. Man- 
ger(4) studied the blood level of epinephrine 
and norepinephrine and could demonstrate 
no change in these levels with injection of 
mecholyl. Since we have been able to stand- 
ardize the procedure and interpretation of the 
mecholyl test(5), it seemed appropriate to 
reinvestigate the relationship between the 
urinary excretion of the active catecholamines 
and mecholyl area. 

Methods. The mecholyl test was carried 
out as outlined previously(5). Subjects were 
patients at Hillside Hospital, a voluntary 
psychiatric institution. They were seen early 
in their hospital stay, and were not receiving 
specific medication at the time of study. In 


* This study was supported by a research grant 
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all, 48 patients were studied. Each was 
tested under basal conditions. A urine sam- 
ple was collected prior to the test. The pa- 
tient then rested for at least a half-hour dur- 
ing which time his blood pressure was auto- 
matically recorded at intervals of one minute 
by a recording sphygmomanometer. When 
the pressure was noted to be steady, an in- 
jection of 1 cc of mecholyl (10 mg) was given 
subcutaneously. The change in pressure was 
recorded over the next 20 minutes. A urine 
sample was then collected. The mecholyl 
area was determined by plotting systolic pres- 
sure vs. time in minutes on graph paper (10 
squares/cm) and measuring the area enclosed 
by means of a compensating polar planimeter. 
The area was corrected for the basal blood 
pressure as previously described. 


For control purposes, the mecholyl test 
procedure was repeated in 10 selected patients 
using 1 cc of normal saline (subcutaneous) 
instead of mecholyl. Blood pressure areas 
and urine analyses were conducted as for the 
standard test. 

Chemical analyses. Urine specimens (25- 
50 cc) were analyzed for epinephrine and nor- 
epinephrine by the fluorometric method of 
von Euler and Floding(6). Creatinine con- 
tent was determined simultaneously, and 
catecholamine output calculated as pg/g cre- 
atinine. 

Observations. In the 10 control studies in 
which saline alone was injected (Table I), 
there was relatively little change in blood 
pressure as manifested by areas generally 
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TABLE I. Exeretion of Epinephrine and Norepinephrine in Urine Following Injection of Saline (1 ee) 
and Mecholyl (10 mg). 


: Saline ee Moohoia 
Pt. Area NE NE’ NE’/NE E ££ E/E Area NE NE’ NE'/NE E §E E/5 
Bee S 535.8. 17600) 0803) a Bik Clean 20,8 21.3 912 4,3 ‘5.9. "23am 
De ES 18.8, 019.7 61.0 6.0 keen 4715 92,1 215 10 9.1 18%. 9m 
eee 430. 5002) 19a 18 ts Oo oe -164 $88 271 81° 58 Tem 
4 36 59.6" 40.8 7 140 19.2 14 28.5 -16,0- 18:3-—--1.1 192 22.650 
Ba mea ae:6 1675 = ~ 2a 4) C782 al ee -29.5 16.5 14.0 9 17.7. 269 1s 
CoeteG at 95 Be) 6b er tae 208 90 92 10 L7, 505m 
oe 178 OG. e108 Soe ed +248 104 353 34.20 103 ee 
S +15) lea 195 CMe) eRe ea) +92 116 202 1.7 34 200m 
@) 141, 270r° 413-) 15. 7.8 719.0) 2897 a7 8-954 G89 8 6.7 60 ame 
Avg 1.4 11 1.9 2.2 


Area — Cm? area enclosed by curve of systolic blood pressure for 20 min. after inj. 


NE = Excretion 


of norepinephrine before inj. expressed as wg/g creatinine, NE’ = Excretion of norepinephrine after inj. 


expressed as ug/g creatinine. 


E = Excretion of epinephrine before inj. expressed as ug/g creatinine. 


E’ — Excretion of epinephrine after inj. expressed as pg/g creatinine. 
L | uS/S 


well within the range of + 10 cm”. Norepine- 
phrine tended to rise after injection of saline 
to give a post-to-pre excretion ratio of 1.4. 
Average epinephrine excretion was virtually 
unaltered (ratio, 1.1). This compares with 
ratios after mecholyl injection of 1.9 for nor- 
epinephrine and 2.2 for epinephrine. The 
statistical significance of these numbers is 
relatively low in view of the small number of 
tests. 

Analysis of the entire group of mecholyl 
tests revealed a fairly consistent increase in 
norepinephrine and epinephrine excretions. 
The mean ratio of norepinephrine excretion 
after mecholyl injection to the basal value 
was 1.65. The mean ratio for epinephrine ex- 
cretion was 2.04. 

The correlation of the ratio of norepine- 
phrine excretion before and after mecholy] is 
presented in Fig. 1. While there is a fairly 
scattered distribution of these values, the 
Pearson’s product moment coefficient has 
been calculated to be 0.306, with a standard 
error of + 0.13. Values for the ratio of 
epinephrine excretion before and after me- 
cholyl are graphed against the mecholyl area 
in Fig. 2. The correlation here is much 
poorer, with a Pearson’s product moment co- 
efficient of 0.101, standard error + 0.14. 

The correlation of mecholyl area against 
age was calculated for this group of patients 
to be 0.486 + 0.11, which is significant at 
the 0.05 level. 


Discussion. Armstrong and McMillan(7), 


Axelrod(8), and Kirshner e¢ al.(9) have dem- 
onstrated several 3-0-methylated metabolites 
in urine which are derived from epinephrine 
and norepinephrine. It is estimated that 
about 50% of administered epinephrine is 
converted to metanephrine (free and sulfate- 
bound) in humans. 3,4-Dihydroxymandelic 
acid and 3-methoxy-4-hydroxymandelic acid 
represent 40% of the residual metabolites. 
These compounds are not measured by the 
fluorometric technic employed for catechola- 
mine analysis. The chemical assay of epine- 
phrine and norepinephrine in the urine thus 
represents only a small fraction, possibly 3%, 
of the original amounts of these compounds. 
As a consequence, minor alterations in pro- 
duction of the major metabolites would be ex- 
pected to incur highly significant changes in 
the measured excretion of the unaltered cate- 
cholamines. Any conclusions drawn from ex- 
cretion studies of the unchanged hormones 
must be reviewed in the light of these basic 
considerations. 

The finding of any correlation between the 
values for norepinephrine and epinephrine ex- 
cretion and any other parameter must then 
be considered suggestive. Although the cor- 
relation of norepinephrine excretion with the 
mecholyl area is at the limit of statistical sig- 
nificance, it is not inconsistent with the theo- 
retical assumption that the mecholy] test is an 
index to sympathetic hyperreactivity, and that 
norepinephrine excretion levels are in some 
way related to mecholyl reactivity. The posi- 
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FIG. 1. Relationship of mecholyl area to ratio of norepinephrine excretion. 
FIG. 2. Relationship of mecholyl area to ratio of epinephrine excretion. 


tive (albeit poor) correlation between the 
trend in the mecholyl area and the norepine- 
phrine excretion ratio also fits in with the 
concept that higher reactivity of the sympa- 
thetic nervous system is related to norepine- 
phrine production. The poorer correlation 
with epinephrine allows no conclusion to be 
drawn other than that when mecholy] is given 
excretion of epinephrine is increased. Corre- 
lation coefficients between the epinephrine 
and norepinephrine ratios and age were 
poorer than those with the mecholyl area. 

The fact that any correlation between me- 
cholyl areas and excretion patterns of epine- 
phrine and norepinephrine exists must be 
considered significant in view of the relatively 
small fraction of the amount of these sub- 
stances produced which can be measured. If 
the quantity of metanephrine and normetane- 
phrine could be studied, it might be expected 
to give a more accurate index of production 
of the pressor substances in response to the 
mecholyl stress. 

Summary. Following injection of mecholyl, 
excretion of epinephrine and norepinephrine 
tends to increase. Excretion ratios for nor- 


epinephrine and for epinephrine were com- 
pared with the relative change in blood pres- 
sure after injection of mecholyl. There is a 
correlation of low statistical significance be- 
tween norepinephrine excretion ratios and 
mecholyl area, which suggests that the more 
hypertensive responses to mecholyl may be 
associated with higher norepinephrine ‘ reac- 
tivity. 
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The anemia of infection has been shown to 
be associated with or accompanied by a hy- 
poferremia(1). Both the anemia and hypo- 
ferremia were produced by several different 
bacteria and also by turpentine, but endo- 
toxins from bacteria were found to be rela- 
tively ineffective(2). Ho and Kass, however, 
showed that a mild hemolytic anemia could 
be produced in rats by injections of bacterial 
endotoxins(3). In the experiments by Cart- 
wright et al.(2) daily injections of Staphy- 
lococcus toxin for several days produced only 
a moderate lowering of plasma iron and ty- 
phoid vaccine was without effect. It has 
also been shown that daily injections for sev- 
eral days will result in development cf a tol- 
erance to several other effects of bacterial en- 
dotoxins (4). 

The experiments reported here demon- 
strated that a single injection of a small 
amount of bacterial endotoxin caused a 
marked lowering of plasma iron, and that a 
tolerance was developed with daily injec- 
tions. 

Methods. Female Holtzman*rats 50 to 70 
days old and weighing 170-200 g were used 
in these experiments. Lipopolysaccharides 
from Escherichia coli 055:B5, Serratia mar- 
cescens and Staphylococcus aureus were ob- 
tained from Difco Laboratories, Detroit, 
Mich. These lipopolysaccharides were dis- 
persed in pyrogen-free distilled water, and 1 
ml was injected intraperitoneally into each 
rat. Plasma iron was measured by the 
method of Schade eft al.(5). 

Results. Plasma iron was markedly de- 
creased by all 3 lipopolysaccharides with a 
maximum depression occurring approximately 
16 hours after a single injection. The plasma 
iron concentration of rats receiving 3 differ- 
ent doses of these endotoxins is shown in 
Table I. The lipopolysaccharide from £. 
coli caused the greatest lowering of plasma 
iron concentration, but all produced a sig- 
nificant hypoferremia in doses as low as 0.1 
pg per rat. 


Two days after administration of 1 pg of 
endotoxin plasma iron returned to the nor- 
mal value (Table II). Determination of 
plasma iron 16 hours after last injection, in 
a series of 4 daily injections, indicated devel- 
opment of a tolerance with repeated injec- 
tions. 

Discussion. Studies by Janoff, Zweifach 
and Shapiro(6) on the levels of plasma iron 
in various types of experimental shock indi- 
cated a decreased concentration after admin- 
istration of lethal doses of EZ. coli endotoxin. 
The degree of hypoferremia due to endotoxin 
was difficult to evaluate due to the decrease 
of plasma iron in control animals under their 
experimental conditions. 

It appears quite likely that failure of Cart- 
wright et al.(2) to observe a marked hypo- 
ferremia after administration of endotoxins 
was due to the length of time between injec- 
tion and measurement of plasma iron, as well 
as development of a tolerance after daily in- 
jection. 

A similar observation of a decrease in 
plasma iron after a single injection, and de- 
velopment of a tolerance after daily injection 
has been observed with extracts prepared 
from tumor tissues(7). It was found pos- 
sible to overcome this tolerance by frequent 
administration of small amounts of material 


TABLE I. Plasma Iron Concentration in the Rat 
16 Hours after Intraperitoneal Injection of Endo- 


toxin. 
Dose No.of Bound plasma 
Source (ug/rat) rats iron (ug %) 
Sham 0 39 238 + 6* 
Escherichia coli 10 i) 50 + 8 
055: B5t 1 Na 82 + 7 
“i 9 116 + 12 
Serratia marces- 10 6 103 + 5 
censt 1 6 131 sg 
5 6 156 +13 
Staphylococcus 10 6 OMigsse 
aureust ] 6 150 + 10 
j +14 


* Mean + stand. error. 
+ Obtained from Difco Labs, Detroit, Mich. 
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TABLE II. _Comparison of Effects of Single and 
Repeated Injections of 1 ug of E. coli Lipopolysae- 
charide on Plasma Iron in the Rat. 


No. andfre- Time since 
quency of lastinj. No. of Bound plasma 
injections (hr) rats iron (ug %) 
1 Sham* 16 39 238 = 67 
1 16 15 eases lif 
1 48 3 280 + 46 
1 72 3 217 +18 
4 daily 16 6 235 +15 


* One ml of pyrogen-free distilled water. 

t+ Mean + stand. error. 
at injection sites where it would be absorbed 
slowly (8). 

Summary. A single injection of as little as 
0.1 pg of lipopolysaccharide from bacteria 
produced a marked hypoferremia in the rat. 
A tolerance was developed with daily admin- 
istration of the endotoxin. 
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A peculiar eye abnormality observed in 
chicks exposed to continuous light during the 
first 6 weeks of life has been briefly described 
(1). This observation has been confirmed 
repeatedly, using several different breeds of 
chicks(2). Further work has been conducted 
on this abnormality to obtain information on 
the histological changes associated with the 
eye enlargement. 

Day-old, male chicks were randomly placed 
in floor pens from which natural light was ex- 
cluded. Incandescent bulbs were used to pro- 
vide approximately 3-foot-candle intensity 
measured at bird height. The chicks were 
brooded under shielded electric brooders in 
the normal manner. Feed and water were 
supplied ad libitum. 

One group of chicks was exposed to 12 
hours light per day (controls) and another 
group received 24 hours light per day. The 


* Scientific Paper No. 2087, Washington Agri. Exp. 
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birds exposed to 24 hours light per day in- 
variably developed elongated eyelids, or a 
peculiar “slant eyed” condition. The cornea 
appeared to be less convex than in controls, 
with the iris closely associated with the inner 
surface of the cornea. Fig. 1 illustrates these 
effects. 

Four birds, 2 from each treatment, were 
sacrificed at 10 weeks of age. The eyeballs 
were removed, trimmed of external muscula- 
ture and weighed (Table I). The average 
weights agree with previous reports based on 
a much larger number of birds(1,2). The 
eyeballs were then fixed in Bouin’s solution 
for 24 hours, cut in half with a razor blade 
and kept in fixative for 24 hours more. A 
comparison between 2 such longitudinally 
sectioned eyes (Fig. 2), shows flattening of 
the cornea and reduction in thickness of the 
eye wall. The most striking difference ap- 
pears to be in size of the vitreous body. The 
hemispheres were embedded in paraffin, sec- 
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FIG. 1. Effeet of continuous incandescent lght 
(left) compared with 12 hr light/day (right) on 
appearance of eyes of chicks. 
tioned at 10 », and examined histologically. 

A distinct difference was noted in total 
thickness of the wall of the eye, as well as 
in the thickness of some of its layers. In 
some areas, the choroid appeared to be some- 
what thinner in the eyes of birds exposed to 


TABLE I. Influence of Light Exposure of Chicks 
on Size of Eyes. 


Light exposure/day Wt of eyes : 


(hr) g As % of body wt 
24 6.93 456 
12 5.21 Slat 


continuous light, the vessels being flattened 
and elongated when compared with those in 
the eyes of controls. Differences in thickness 


FIG. 2. 
eyeballs from chicks exposed to continuous light 


(left) and to 12 hr light/day (right). 


Comparison of longitudinal sections of 


of the retina were most pronounced: the re- 
tina of the birds which received continuous 
light exposure was markedly thinner (Fig. 3). 
The thickness of the nerve fiber layer and the 
layer of rods and cones appeared to be greatly 
reduced in chicks exposed to continuous light. 
The pigmented layer, and the inner nuclear 
layer appeared to be slightly thicker in the 
experimental birds which had thinner retinas. 
No differences could be observed in the op- 
tic nerve or the pectin after staining with 
either hematoxylin and eosin or with Mas- 
son’s trichrome method. 


ee ee y a re 
FIG. 3. Photomicrographs of retinas from chicks 
exposed to continuous light (left) and to 12 hr 
light/day (right). Mag. 115 x. 


Summary. The influence of continuous in- 
candescent light on the eyes of young chicks 
has been investigated and a profound enlarge- 
ment of the eyeball has been observed. The 
enlargement is associated with an accumula- 
tion of fluid in the vitreous body. Histologi- 
cal changes were evident in several layers of 
the eye with the most striking effect being a 
thinning of the retina. Exposure to continu- 
ous light reduced the thickness of the nerve 
fiber layer and the layer of rods and cones. 


. shutze, Ji. V., Jensen, 1: S., Carver, J.0S. vias 
son, W. E., Washington Exp. Sta. Tech. Bull., No. 
36, 1960. 
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Previous studies in this laboratory have 
employed desoxyribonucleic acid (DNA) as 
a quantitative index of mammary gland cellu- 
lar proliferation in rats and mice(1,2,3). By 
this method, it is possible to determine the 
synergistic influence of various hormones on 
normal and experimental mammary gland 
growth. 

Grovesnor and Turner(4,5) reported ad- 
ministration of hormones concerned with lac- 
tation in optimal amounts increased milk 
yield and decreased variation among animals. 
Similarly, suboptimal secretion of hormones 
concerned with mammary gland cellular pro- 
liferation may also limit maximum growth of 
gland. 

With elaboration of quantative measures 
of mammary gland growth and thyroxine se- 
cretion rate (TSR) (5,6), it seemed desirable 
to investigate influence of physiological lev- 
els of exogenous thyroxine on mammary 
gland proliferation of normal pregnant rats. 

Methods. Groups of pregnant rats of 
Sprague-Dawley-Rolfsmeyer strain were used. 
Control animals were sacrificed on days 18-20 
of pregnancy and experimental groups 20 
days after detection of sperm within vagina. 
Experimental animals were injected with 2.5, 
3.0, and 3.5 wg of thyroxine (T,)/100 g body 
weight (BW) respectively from days 3 to 19 
of gestation. Six abdominal-inquinal mam- 
mary glands were removed from each rat and 
DNA determined as described previously (3). 

Results. Mean total DNA of normal preg- 
nant rats was 7.63 mg/100 g BW; whereas 
experimental groups were 9.38, 8.09, and 9.6 
mg/100 g BW respectively for 2.5, 3.0, and 
3.5 wg of T,/100 g BW (Table I). DNA/ 
mg followed a similar pattern: normal (33.2 
pe), 2.5 we Ts (38.3 pg), 3.0 Ty (31.8 pg), 


* Contribution from Mo. Agr. Exp. Sta., Journal 
Series No. 2258. Approved by the Director. 

+ Post doctoral Research Fellow of Nat. Cancer 
Inst. This investigation supported in part by grants 
from the U.S.P.H.S. and Am. Cancer Soc. 


and 3.5 wg Ty (38.3 pg). DNA/100 g BW 
was significantly increased at 2.5 and 3.5 Ty 
levels (P>.01) when compared with normal 
pregnant values. There was a slight but 
non-significant increase in DNA/100 g at 3.0 
ug T, level and also a slight decline in DNA/ 
mg. Combined Ty, total DNA was also in- 
creased significantly (P>.01) compared to 
control pregnant animals. Calculation of fre- 
quency distribution of normal and T, injected 
pregnant animals (Fig. 1) indicated that T, 
increased mean total DNA; whereas range 
and variability of total DNA remained essen- 
tially the same between the 2 groups. DF FT 
of all groups of animals remained constant, 
and increase in total DNA was due to an in- 
crease in DNA/mg DFFT. 

Discussion. Past studies of thyroid-mam- 
mary gland relationship were complicated by 
administration of unphysiological levels of 
T,. It is now possible to measure thyroid ac- 
tivity of individual animals and variation in 
secretion rate by TSR method(5,6). This 
procedure enables one to determine effect of 
physiological levels of Ty on mammary gland 
development. 

Grovesnor and Turner(5) reported mean 
daily TSR of non-lactating rats was 1.3 pg/ 
100 g/day, while mean value of lactating ani- 
mals was 2.2 pg/100 g/day. The highest ob- 
served value was 3.0 pg/100 g/day. 

Studies(7,8) have indicated T, is not es- 
sential for experimental development of rat 
mammary glands. Chen ef al.(7) reported 
triply-operated rats appeared to have exten- 
sive mammary gland development with evi- 
dence of lactation without addition of T, to 
the injected hormonal regime. In this lab- 
oratory(8), addition of 3 pg Ty/100 g BW 
with 2 yg estradiol benzoate (EB) and 6 mg 
progesterone (P) had little beneficial effect 
in increasing total DNA of rat mammary 
glands in thyro-parathyroidectomized ani- 
mals. Although DNA/mg DFFT was in- 
creased, total DNA remained the same due 


874 


THYROXINE AND MAMMARY GLAND GROWTH 


TABLE I. Thyroxine and Mammary Gland Growth in Pregnant Rats. 


Stage of DEFT DNA Total DNA 
No. of gestation Thyroxine Body wtt (mg) (ug/mg DEFT) (mg/100 g B.W.) 
animals (days) level” (mean) mean mean + , mean + S.E. 
i) 18-20 — 324 749 33.24 + .8 7.63 + .39 
iG 20 2.5 280 724 38.3 + 2.28 9138 == 32% 
13 20 3.0 287 745 Bie) em) 8.09 +1.29 
15 20 3.5 283 740 Bilal Se ees 9:66 s=.4602 
\ 454 20 2.5,3.0&3.5 283 736 35.9 + 1.44 9:07 S= 2024 


* Corrected for wt of fetuses and uterus. 


+t we T,/100 g/day from day 3-19 of pregnancy. 


$} Aggregate T, animals. 


to a significant reduction in DFFT/100 g. 

Moon and Turner(9) determined effect of 
mild hyperthyroidism upon experimental de- 
velopment of rat mammary glands using DNA 
as an index of growth. Injection of 3 or 6 
ug Ts/100 g BW with 1 wg EB and 3 mg 
P/day did not significantly increase mam- 
mary gland growth above animals which re- 
ceived EB and P alone. When amount of 
EB and P was doubled, a significant increase 
in total DNA with this level of T, was ob- 
served (26%). It was suggested by the au- 
thors suboptimal secretion of T, may be one 
of the limiting factors in obtaining maximum 
mammary gland proliferation. 

In the present study, levels of Ty, were em- 
ployed which approximated average TSR of 
lactating animals (2.5 pg/100 g/day), the 
highest TSR obtained during lactation (3.0 
pg/100 g/day) and a level slightly greater 
than observed (3.5 pg/100 g/day). 

Data obtained indicate that mild hyper- 
thyroidism is beneficial in stimulating in- 
creased growth of rat mammary glands dur- 
ing pregnancy. The group of 45 pregnant 
animals injected with T, showed a mean 


Normal Pregnant mean: 7,63+0,39 


e 
s 


74/100 g B.W. /day 
2.5, 9.0, and 3,5 ug) 
an: 9,07+,25 


% Number of Animals 
8 8 $s 


Ss 


r +r —p at 
3 4 5 6 10 i 12 43 4 


7 8 9 
DNA (mg/100 ¢ BW.) 


FIG. 1. Frequeney distribution of DNA of mam- 

mary glands of normal rats at end of pregnaney 

compared with similar rats inj. with thyroxine dur- 

ing pregnancy. Thyroxine increased gland growth 
22%. 


1 Significant to normal pregnant DNA 
values at 1% level. 


* Significant to 3.0 T, DNA at 2% level. 


DNA of 9.07 + .25, an increase of 22% 
above normal pregnant rats. Significantly 
greater DNA obtained with T, was not due 
to an increase in DFFT. As indicated by 
DNA/mg, cell concentration/mg tissue ac- 
counted for the increase in total DNA at the 
2.5 and 3.5 yg level of Ts. 

Summary. The effect of mild hyperthy- 
roidism upon mammary gland growth has 
been studied by injection of exogenous T, 
into normal pregnant rats at levels of 2.5, 3.0, 
and 3.5 pg/100 g BW/day. Normal preg- 
nant rats showed mean total of DNA of 7.63 
+ .39 mg/100 g BW. Group of 45 pregnant 
rats injected with T, showed a mean DNA of 
9.07 + .25 mg/100 g BW, an increase of 
22%. It is suggested sub-optimal T, secre- 
tion may be one of the limiting factors in at- 
tainment of maximum mammary gland pro- 
liferation. 
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Lasting immunological tolerance of skin 
homografts in animals injected with whole 
blood from the prospective donors has been 
obtained during fetal life in chicks(1) or dur- 
ing the neonatal period in chicks(2), rats(3) 
and dogs(4). More recently Billingham and 
Silvers(5) have obtained permanent. toler- 
ance of male skin isografts in female mice of 
the C57 BI1/6 strain injected intraperitone- 
ally at birth with various concentrations of 
peripheral blood leucocytes taken from male 
donors. However, attempts to establish tol- 
erance of homologous skin grafts in weanling 
and adult rabbits or rats by injecting these 
animals with whole blood taken from the 
prospective donors have resulted only in a 
significant delay in survival time of subse- 
quent homologous grafts(6,7). 

On the basis of these results and certain 
theoretical considerations we have decided to 
investigate further the possibility of inducing 
permanent tolerance of male skin isograft in 
adult female mice of the C57Bl1/1 strain pre- 
viously transfused with different amounts of 
whole blood taken from mature male donors 
of the same strain. Female mice of this strain 
regularly reject skin grafts taken from iso- 
logous males although the weak histocompati- 
bility difference between donor male and re- 
cipient female allows induction of tolerance 
in the females to the male graft by exposure 
to male antigens in the form of viable spleen 
cells during the neonatal period as well as in 
adult life(8). 

The experiments reported herein demon- 
strate that lasting tolerance of male skin iso- 
grafts can, indeed, be induced in adult female 
mice of the C57Bl/1 strain by pretreatment 
of these animals with whole blood taken from 
isologous mature male donors. 


* Aided by grants from the Am. Cancer Soc. and 
USPHS. 

+ Amer. Cancer Soc., Prof. of Physiology. 

t Amer. Legion Memorial Heart, Prof. of Pedia- 


trics. 


Method. Adult male and female mice of 
the C57Bl1/1 strain were used. Pooled whole 
blood obtained by decapitation under ether 
anesthesia of stock C57B1/1 adult male mice 
was collected in a test tube containing a mini- 
mal amount of heparin solution.’ This blood 
was immediately injected intravenously into 
the lateral subcutaneous vein of the tail of 
several groups of isologous females 60 days 
of age. Recipient mice were divided into 
groups according to the amount of blood 
transfused, as follows: 0.1 cc, 0.25 cc, 0.50 
cc, 0.75 cc and 1 cc of whole heparinized 
blood. Control groups consisting of untreated 
60 day old C57Bl/1 female mice and mice 
receiving 0.75 cc of isologous female whole 
blood were also prepared. 


Three to 4 days after blood transfusion, 
pretreated and untreated female mice re- 
ceived a full-thickness abdominal skin graft 
taken from male donors of the same strain. 
The technic of skin grafting as well as the 
criteria used to determine the success or fail- 
ure of the graft was the same as that previ- 
ously described(9). 

Mice were housed individually in plastic 
cages and fed Purina Laboratory Chow and 
tap water. Grafted animals were observed 
for at least 5 months and only those animals 
showing a well established graft growing copi- 
ous hair in a direction opposite to that on the 
skin of the host were judged to be tolerant of 
male skin isograft. 

Results. The results are summarized in 
Table I. Of the group of untreated C57BI1/1 
female mice grafted with male skin 4 out of 
19 (21%) accepted this graft. Likewise, of 
the control group consisting of C57B1/1 fe- 
male mice injected with 0.75 cc of isologous 
female whole blood 2 out of 12 (17%) ac- 
cepted the male skin isograft. On the other 
hand, of the females pretreated with isologous 
whole blood taken from male donors each of 


§ Liquaemin Sodium, Organon, Inc. 
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TABLE I. Induction of Lasting Immunological 

Tolerance of Male Skin Isograft in Adult Female 

Mice of C57BI/1 Strain Injected Intravenously 
with Various Amounts of Male Whole Blood. 


No. females 


accepting 
Pretreatment, male skin 
whole blood isografts/ 
Host Skin donor No. animals 
strain strain ec/mouse Sex grafted 
C57BI1/1 9 C57BI/1 ¢ 10 a 3/15 
Idem Idem 25 é 5/10 
% 2 50 a 12/14 
2 gs 75 4 10/12 
1.00 3 5/7 
= < 75 Q 2/12 
Py ee None 4/19 


the groups except that in which 0.1 cc of 
blood was injected showed a significant in- 
crease in male skin isograft acceptance as 
compared to that observed in groups of con- 
trol animals. In the group injected with 0.10 
cc 3 out of 15 treated females accepted skin 
isografts while in the 0.25 cc, 0.50 cc, 0.75 cc 
and 1.00 cc treated groups respectively 5 of 
10, 12 of 14, 10 of 12 ahd 5 of 7 females ac- 
cepted male skin isografts. 

Discussion. These results are of interest 
for several reasons. First, they confirm our 
previous studies in demonstrating that ac- 
quired immunological tolerance can be in- 
duced in adult female mice of the C57Bl/1 
strain by pretreating these animals with male 
spleen cells injected intravenously in large 
number or by placing the females in celomic 
parabiosis with isologous males(8). In the 
experiments reported herein tolerance of male 
skin isograft was obtained in adult females 
injected intravenously with various amounts 
of peripheral blood taken from isologous male 
donors. However, establishment of tolerance 
by this method appears to be related to the 
amount of male blood injected. For example, 
while 0.10 cc of fresh whole blood was not 
sufficient to bring about immunological tol- 
erance of male skin isograft, doses ranging 
from 0.25 to 1.00 cc induced permanent tol- 
erance in many instances. The difference in 
incidence of male skin acceptance observed 
between controls and all experimental groups 
injected with at least 0.25 cc of blood is sta- 
tistically significant at the 1% level. The 
fact that establishment of tolerance by in- 


jecting whole blood is related to the dose of 
blood administered suggests that a minimum 
amount of blood must be used to produce tol- 
erance, beyond which greater amounts have 
no appreciable advantage. 

Second, our results demonstrate the possi- 
bility of inducing immunological tolerance in 
adult individuals using peripheral blood cells 
as the preconditioning material. Billingham 
et al.(2) have demonstrated that while whole 


blood was successful to a small degree as pre- 


treating material of fetal mice to induce this 
phenomenon, lymphoid tissue was far more 
efficacious. However, this advantage of lymph- 
oid tissue over whole blood was not observed 
by Puza and Gombos(4) who gave whole 
blood to neonatal dogs by the intravenous 
route. 


One question explicit in these results is: 
Which peripheral blood cells are responsible 
for establishing immunological tolerance? 
The smallest dose of whole blood required to 
produce satisfactory degree of tolerance was 
0.25 cc which represents approximately 
1,500,000 viable white blood cells. This is 
less than the number of spleen cells neces- 
sary for induction of tolerance in adult mice 
(8). Yet many of the peripheral cells are 
end stage elements considered incapable of 
replication. It could be that the red blood 
cells themselves play some assistive role in in- 
ducing in the recipient animal a state similar 
to that of immunological paralysis(10) thus 
allowing time to the injected cells to estab- 
lish themselves and perhaps replicate to reach 
a sufficient number to abolish the homograft 
reaction. We are now investigating this hy- 
pothesis. 


It seems clear that immunological tolerance 
of male skin isografts can be produced in 
adult female mice of the C57BI/1 strain by 
pretreatment of these mice intravenously with 
various amounts of fresh whole blood taken 
from mature isologous male donors. 


Summary. Permanent acquired immuno- 
logical tolerance has been established in adult 
C57Bl1/1 female mice to isologous male skin 
graft using pooled whole blood obtained from 
C57Bl1/1 males as a pre-conditioning material. 
Tolerance using this technic is a dose related 
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phenomenon. Doses of 0.25 ce of whole blood 
or greater produce a long lasting tolerance. 
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The clinical use of rauwolfia alkaloids has 
found wide acceptance since their recent in- 
troduction to this country mainly for treat- 
ment of hypertension and certain anxiety 
states. However, as with many drugs, these 
compounds produce undesirable side effects 
on other physiological systems. Duodenal 
ulcer, hemorrhage, and perforation have 
been reported in patients treated with reser- 
pine(1,2). It is not known whether patients 
treated with rauwolfia drugs develop gastric 
complications as a result of therapy, because 
of their disease process and emotional con- 
stitution, or a combination of these factors. 
We attempt in this study to elucidate some 
of the effects of reserpine on gastric physi- 
ology and peptic ulceration in experimental 
animals. 

Peptic ulceration does not occur spontane- 
ously in either dogs or cats. However, ulcer- 
ation can be produced in laboratory animals 
by administration of histamine in beeswax(3). 
This method has proven useful in evaluation 
of surgical procedures and medications on 
peptic ulcer diathesis. 

The first part of this study demonstrates 
the effect of reserpine on histamine-induced 
ulceration in dogs and cats. The second por- 


* This work was supported by Peptic Ulcer Grant 
and Jay and Rose Phillips and Donald J. Cowling 
Funds for Surgical Research. 


tion shows the effect of reserpine on gastric 
blood flow. 


Method. <A. Ulcer provocation. Adult 
mongrel dogs and cats were used in these ex- 
periments. The histamine in beeswax mix- 
ture was prepared as described by Code and 
Varco(3). The dogs were kept in separate 
cages and the cats were kept 4 to a cage. All 
animals received food and water ad libitum. 
Although the exact amount of food ingested 
was not measured, the animals receiving res- 
erpine consumed less of the rations offered. 

The animals were divided into 6 groups. 
Group I (9 dogs) received 30 mg of hista- 
mine in beeswax I.M. daily. Group II, (8 
dogs) received 1 mg of reserpine I.M. in ad- 
dition to the histamine. Group III, (8 dogs) 
received only 1 mg reserpine daily. Group 
IV (8 cats) received 15 mg histamine in bees- 
wax daily. Group V (8 cats) received 0.5 
mg of reserpine in addition to the histamine. 
Group VI (11 cats) received 0.5 mg reser- 
pine only. 

Each animal was injected with histamine 
in beeswax and/or reserpine intramuscularly 
at the same time each day. The dosage of 
reserpine used caused miosis, diarrhea, and 
lethargy in both dogs and cats. At time of 
death or sacrifice, the stomach and duodenum 
of all animals were examined grossly for ero- 
sion or ulceration. For the purpose of this 
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FIG. 1. Diagram of blood flow preparation used. 


study “average time of ulceration” is average 
time of survival of those dogs that died with 
peptic ulcers. If any doubt existed as to 
their presence, microscopic sections of ques- 
tionable areas were prepared and examined. 

B. Blood flow studies. In the second por- 
tion of our experiment, mongrel dogs weigh- 
ing between 10 and 15 kg were used. The 
animals were anesthetized with sodium pento- 
barbital, 30 mg/kg. The carotid artery was 
cannulated and arterial pressures recorded via 
a Statham transducer on a Sanborn Polyviso 
recorder. The abdomen was opened and the 
right gastric, gastroduodenal and left gastric 
epiploic veins were ligated and divided. Sple- 
nectomy and omentectomy were done (Fig. 
1). The left gastric vein was cannulated with 
a polyethylene catheter which was then con- 
nected to a Y connector. A_ polyethylene 
catheter which was passed into the portal 
vein via the splenic vein was attached to the 
other limb of the Y connector. In this way, 
normal gastric flow could be maintained be- 
tween measurements and gastric venous out- 
flow could be measured by occlusion of the 
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portal vein catheter and collection from the 
common limb of the Y. The dog was given 
2-3 mg heparin/kg. Heparinized saline was 
used to irrigate the catheters. Following can- 
nulation of the portal and left gastric veins, 
the dog was allowed to stabilize for 30-45 
minutes. 

Control values for venous outflow were es- 
tablished by at least 2 measurements at 1% 
hour intervals prior to administration of the 
drug. The reserpine was then given via the 
carotid catheter and venous outflow was 
measured at least 3 times at hourly intervals. 
There were 3 groups of dogs in this part of 
the experiment. Group I received no medica- 
tion; Group II, 1 mg reserpine, Group III, 
2.5 mg reserpine. 

Results. A. Ulcer provocation. It is evi- 
dent from Table I that reserpine greatly abets 
histamine ulceration. In fact, reserpine alone 
appears to be as effective an agent as hista- 
mine for production of peptic ulceration and 
erosions. Reserpine alone caused 50% of 
dogs to ulcerate in an average time of 6.5 
days. The results in cats followed a similar 
pattern (Table IT). 

Another interesting finding was that when 
only histamine was given, ulceration occurred 
predominantly in the duodenum. However, 
when reserpine was given alone or with hista- 
mine, ulcerations occurred predominantly in 
the antral and fundic portions of the stomach 
(Fig. 2 and 3). 

All the animals that died with ulceration 
showed evidence of weight loss, probably due 
to the decreased intake of food that occurs 
concomitantly with peptic ulceration. As 
stated previously, the dogs that received res- 
erpine ate less and this may be a factor in 
the abetment of histamine induced ulcer. 

Baronofsky has shown that nitroglycerine 


TABLE I. Dogs. 


Avg time 
of uleera- Duration 
No. of ulceration tion, days of sur- 
Group dogs Medication (%) (+8.E.)* vival, days Type of ulcer 
I 9 30 mg histamine in beeswax 44 2o.0) B= 9r8 2-40 All duodenal uleers 
UD 8 Idem + 1.0 mg reserpine 100 24 4+ 4 ee ” gastric 5 
III 8 1.0 mg reserpine 50 6.5 + 2.6 4-15 oy ed ue 


* p value for difference of all means = <.01, 
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TABOUE Il. Cats: 
Avg time 
of uleera- Duration 
No. of uleeration tion, days of sur- 
Group eats Medication (%) (+ 8.H.)* vival, days Type of uleer 
EVE 8 15mg histamine in beeswax 62.5 9.02.9 3-12 All duodenal ulcers 
Wi 8 Idem + .5 mg reserpine 89 Ball ae 3} ns) Pe casimne ie 
VI ll _.5 mg reserpine 63 4.6 + .4 3— 8 2 duodenal, 5 gas- 
trie ulcers 
* p value for difference of all means = <.01. 
. experimental peptic ulceration. This is in 


TeGry ae 


Uleer in dog. 


and pitressin also abet histamine ulceration 
(4,5). He suggested that this was due to 
lowered resistance of the tissues, secondary to 
ischemia. Recent work has shown that reser- 
pine sensitizes the arterioles in the splanchnic 
bed to circulating catechol amines(6). The 
occurrence of gastric rather than duodenal 
ulceration with reserpine administration sti- 
mulated our interest in the effect of reserpine 
on blood flow in the stomach. 

B. Blood flow studies. In Group I, the 
control group, there was very little change in 
consecutive blood flow measurements (Table 
III). In Group IJ there was a slight rise in 
blood flow, of dubious significance. In 
Group ITI, there is a definite decrease in gas- 
tric blood flow following administration of 2.5 
mg of reserpine. During all these determina- 
tions, blood pressure variations did not ex- 
ceed 15-25 mm Hg. 

Discussion. Under these experimental con- 
ditions reserpine greatly enhances histamine 
induced ulceration. Furthermore, reserpine 
is just as potent as histamine in induction of 


accord with the findings of others that reser- 
pine, like histamine, evokes maximal gastric 
secretion in patients or Heidenhain pouch 
dogs (7). 

Work done in our laboratory has shown 
that pretreatment of cats with reserpine ren- 
ders the cat’s esophagus much more suscep- 
tible to digestion by perfused human gastric 
juice(8). Determination of blood flow by 
the K** method suggests that this increased 
susceptibility of the esophagus may be due 
to the decreased blood flow in that organ(9). 


FIG. 3. Uleer in eat. 


Reserpine then could be detrimental to the 
stomach in 2 ways. In moderate doses it 
causes augmented acid secretion. In larger 
doses it causes a decrease in gastric blood flow 
with resultant ischemia and increased suscep- 
tibility to ulceration. There would appear to 
be, therefore, good evidence to suggest avoid- 
ance of rauwolfia derivatives in patients with 
the peptic ulcer diathesis. 

Summary. Reserpine, in large doses, abets 
histamine induced ulceration in dogs. It 
also appears to be as ulcerogenic as histamine. 
Decreased blood flow occurs in the stomach 


TABLE IIL. Effect of Reserpine on Gastric Blood Flow. 


Mean change in flow (ml) + stand. error 


Medication No. of dogs lhr 2 hr 3 hr 4 hr 
None 6 —3.3 + 2.1 2.7414 a 11 2.5 + 2.7 
1.0 mg reserpine 4 3.3 + 1.9 4.3 + 2.2 5.8 + 4.5 4.0 + 2.6 
2.5 mg 4 5 19 +3.7 -20 + 3.0 21 + 3.6 -19 +2.3 
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when 2.5 mg of reserpine is given intrave- 
nously to dogs. This may be an additional 
mechanism for the increased incidence of ul- 
ceration. 
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Use of Fungizone® in Control of Fungi and Yeasts in Tissue Culture. 


(26509) 


D. PERLMAN, NANcy A. GIUFFRE AND SHARON A. BRINDLE 
(Introduced by R. Donovick) 
Squibb Institute for Medical Research, New Brunswick, N. J. 


Fungal and yeast contamination is a trou- 
blesome problem to those working in tissue 
culture laboratories. Mycostatin (Squibb Ny- 
statin), an antifungal antibiotic derived from 
Streptomyces noursei was found by McLi- 
mans et al.(1) to have little or no effect on 
growth of mammalian cells and to suppress 
growth of fungi and yeasts effectively. As it 
is relatively insoluble in aqueous media, it 
has been difficult to use in certain tissue cul- 
ture systems, especially where the cells are 
being grown in monolayers. Fungizone®*, the 
sodium deoxycholate complex of amphoteri- 
cin B(2) an antifungal agent produced by 
Streptomyces nodosus(3), forms a colloidal 
dispersion in aqueous media and is effective 
in suppressing growth of many yeasts and 
fungi(4). Hemphill eé a/.(5) found that Fun- 
gizone was effective in controlling growth of 
certain yeasts and fungi in tissue cultures 
used for propagation of viruses, and observed 
no deleterious effects of Fungizone on viral 
multiplication in the infected cells or of cell 


* Fungizone is the registered trade mark of E. R. 
Squibb and Sons for the amphotericin B sodium de- 
oxycholate complex. 


multiplication of the uninfected cells. We 
have studied the effect of Fungizone on growth 
of a number of established cell lines and of 
chick fibroblasts in monolayer culture, and 
have confirmed that Fungizone when used in 
certain fungistatic concentrations, does not 
noticeably affect cell multiplication. We have 
also studied the stability of Fungizone in a 
number of tissue culture media and deter- 
mined rate of inactivation at 37°C in these 
menstra. 

Methods. Four media were used in these ex- 
periments including Eagle’s medium(6) with 
10% (v/v) calf serum, Ziegler’s modification 
(7) of Eagle’s medium containing 10% (v/v) 
calf serum, Waymouth’s chemically defined 
medium MB 752/1(8) supplemented with 
10% (v/v) calf serum and 0.03% carboxy- 
methylcellulose and Waymouth’s medium 
supplemented with 0.5% carboxymethylcel- 
lulose. Among the cell lines used in these 
studies were Earle’s Losg strain of mouse fi- 
broblasts, the HeLa (Gey) cell line, a cell 
line derived from bovine pituitaries, and 2 
cell lines derived from samples of peritoneal 
fluid from mice infected with Ehrlich ascites 
tumors. Chick fibroblasts were prepared by 
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trypsinization of minced tissue and grown in 
Eagle’s medium in monolayers. 

Milk dilution bottles (40cm? surface) and 
Falcon plastic flasks (25 cm? surface) were 
used for the monolayer cultures, while sus- 
pension cultures were grown in 1 X 6 inch 
screw capped tubes placed on the Rollordrum 
apparatus as described earlier(9). Cell counts 
were determined with a Coulter Counter and 
IDs values determined graphically from dose 
response curves. Inoculum for the suspension 
cultures was adjusted to 100,000 cells per ml 
and after 3 to 5 days’ incubation the popula- 
tions in the control tubes had increased to 
between 450,000 and 750,000 cells per ml de- 
pending on the cell line. Smaller inocula were 
used for the cultures grown in monolayers, 
and microscopic observations were made at 2 
day intervals to determine the effect of Fungi- 
zone on cell morphology and multiplication. 

Fungizone concentrations of supplemented 
media were determined by a bioassay using 
Saccharomyces mellis as test organism(10). 

Results. A study of the stability of Fungi- 
zone in tissue culture media incubated up to 
7 days at 37°C is summarized in Table I. 
The presence of serum in the media apparent- 
ly stabilized the antifungal agent, and the 
presence of growing cells had no effect on the 
stability of Fungizone in these systems. As 
most cultures of yeasts and fungi are com- 
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pletely inhibited by 1 pg of Fungizone per 
ml, there still would be sufficient antifungal 
activity left after 7 days’ incubation of media 
initially containing 5 pg Fungizone per ml, 
and a great excess when the initial concentra- 
tion was 50 wg per ml. No loss of antifungal 
potency was found when these media supple- 
mented with 5 or 50 »g per ml of Fungizone 
were stored at 4°C for 7 days, and no precipi- 
tation of the antifungal agent from the me- 
dium was observed. 

The effectiveness of Fungizone in inhibit- 
ing growth of yeasts and fungi added to 
Eagle’s tissue culture medium was also exam- 
ined. Among the cultures used in these ex- 
periments were Aspergillus niger, Penicillium 
notatum, unidentified Penicillium and yeast 
cultures isolated from contaminated tissue 
culture, Rhizopus arrhizus, Saccharomyces 
cerevisiae and Candida albicans. A concen- 
tration of 0.5 »g of Fungizone per ml was ef- 
fective in inhibiting the growth of the fungi 
and yeasts when initial inocula were 10,000 
and 100,000 mold spores per ml, and 100,000 
and 1 million yeast cells per ml. Cultures 
were incubated at 37°C for 4 to 7 days. These 
results confirm and extend the observations 
reported by Hemphill e¢ al.(5). 

Observations on the sensitivity of the cell 
lines to Fungizone are summarized in Table 
II. Most of the cultures when grown in ser- 


TABLE I. Stability of Fungizone in Tissue Culture Media Ineubated at 37°C. 


% of antifungal activity* remaining after incubation for stated 


period at 37°C 


-~———_Initial cone. 5 pe /ml—..___ ——— Initial cone. 50 ng/ml ——_, 


Medium without 


Medium with 


Medium without Medium with 


cells cellst cells cellst 
Medium 4days 7 days 4days 7 days 4days 7 days 4 days 7 days 
Eagle’s medium containing 39 20 57 42 78 67 80 76 
10% (v/v) calf serum 
Ziegler’s modification of 56 40 40 32 74 67 78 Wal 
Eagle’s medium with 
10% (v/v) calf serum 
Waymouth’s medium MB 54 34 65 38 58 58 33 25 
752/1 supplemented with 
10% (v/v) calf serum 
Waymouth’s medium MB 13 11 18 18 73 54 66 57 


752/1 supplemented with 
0.5% carboxymethyl- 
cellulose 


* Ag determined by bioassay using Saccharomyces mellis as test organism. 
+ Medium inoculated with Earle’s Lo.» culture of mouse fibroblasts. 
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TABLE II. Effect of Fungizone® on Multiplication of Cells in Tissue Culture. 


Method 
Cell line of growth Medium IDs, ug/ml Other observations 
Ligs9 (mouse fibroblast) Suspension A 25 
3 B 2.5 
He D 30 
Monolayer A No inhibition at 25 wg/ml 
HeLa Monolayer A Idem 
Bovine pituitary Suspension A 25 
Ehriich aseites (R) vi A 35 Slight inhibition at 5 ug/ml 
ti GS) A 35 Idem 
Chick fibroblast Monolayer C No inhibition at 25 pg/ml 


Composition of media: A—-Waymouth’s MB 752/1 supplemented with 10% (v/v) calf serum. 
B—Waymouth’s MB 752/1 supplemented with 0.3% carboxymethyleellu- 


lose. 


C—Hagle’s medium containing 10% (v/v) calf serum. 


D—Ziegler’s modification of Eagle’s medium with 10% 


serum. 


um-containing media were not inhibited by 
addition to the media of 2.5 pg to 5 pg of 
Fungizone per ml. Some of the cytotoxicity 
of Fungizone is perhaps due to the deoxy- 
cholic acid component of the preparation as 
growth of most of the cell lines tested was 
found to be at least slightly inhibited by 25 
pg per ml(11). Amphotericin B (dissolved 
in dimethylformamide) caused 50% _inhibi- 
tion of growth of L cells in suspension when 
added to the medium at a concentration of 
50 wg per ml. This inhibition was associated 
with the amphotericin B as addition of an 
equivalent amount of dimethylformamide 
(0.004 ml per ml of medium) did not affect 
cell growth. 

In experiments studying the effectiveness 
of Fungizone in eliminating growth of yeasts 
from tissue culture, approximately 1,000 S. 
cerevisiae cells were added to a 25 ml suspen- 
sion culture of L cells contained in 1 *& 6 
inch screw-capped test tubes. After 16 hours 
incubation on the Rollordrum apparatus the 
yeast cell count had reached about 1,000,000 
cells per ml. Fungizone was then added to 
several of the tubes to give concentrations 
ranging from 2.5 to 25 mg per ml and the 
tubes replaced on the Rollordrum apparatus. 
After 24 hours incubation the yeast count in 
all the tubes had dropped noticeably. The 
tubes were centrifuged, the collected cells re- 
suspended in media containing 2.5 pg of Fun- 
gizone per ml, and the tubes replaced on the 
Rollordrum apparatus. After 48 hours incu- 


(v/v) ealf 


bation the L cell count had doubled and no 
evidence was seen of viable yeast on micro- 
scopic inspection. The L cells were again col- 
lected by centrifugation, and resuspended in 
media without Fungizone or other antifungal 
agents. No evidence of yeast cell growth was 
found after 3 days’ incubation, and the L 
cells appeared “normal” when examined mi- 
croscopically. In another study, a penicillium 
culture was found growing in a suspension 
culture of a cell line taken from bovine pitui- 
tary tissue. Addition of Fungizone to give a 
concentration of 2.5 pg/ml resulted in inhibi- 
tion of growth of the penicillium, and after 2 
subcultures (at 3 day intervals) the cell line 
was found to be free of the contaminant. Fun- 
gizone at 2 »g/ml was also effective in inhib- 
iting growth of another penicillium contami- 
nant found in a manolayer culture of a cell 
line derived from Ehrlich ascites cells. Since 
0.5 »g of Fungizone per ml of medium is suf- 
ficient to control fungal and yeast contamina- 
tion, we conclude that the use of 2 wg to 5 pg 
per ml of medium may be used to eliminate 
fungal and yeast contaminants from tissue 
cultures without significantly damaging the 
tissue cultures. Continued use of media sup- 
plemented with serum and 10 ug of Fungi- 
zone per ml of medium for growth of Earle’s 
Lyzy cell line in suspension cultures did not 
result in any change in cell multiplication 
rates during the 3 week observation period. 

Summary. In experiments studying the ef- 
fect of Fungizone (the sodium deoxycholate 
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complex of amphotericin B) on growth of 
established cell lines and chick fibroblasts in 
monolayer and suspension culture systems, 
the fungistatic concentration of 2.5 pg/ml 
was found to have little or no effect on the 
multiplication of the tissue cultures grown in 
serum-containing media. This concentration 
was tolerated by all cultures. Inactivation of 
Fungizone in tissue culture media was also 
determined. 
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Carbohydrate Content of Euglobulins of Normal and Rheumatoid Sera. 
(26510) 


WILLARD R. STARNES 


(Introduced by Emmett B. Carmichael) 


Metabolic Research Laboratories, Veterans Administration Hospital, Birmingham, Ala. 


The term “rheumatoid factor’”’ has been ap- 
plied to the protein component of serum 
which is responsible for a group of agglutina- 
tion and precipitation reactions, some of 
which are very important in diagnosis of 
rheumatoid arthritis. Up to the present, ana- 
lytical studies have indicated that the rheu- 
matoid factor is a typical 19-S gamma globu- 
lin with chemical, physical and immunological 
properties closely akin to 19-S antibodies(1). 
The present studies were undertaken to iso- 
late euglobulins by different methods and 
study the carbohydrate composition. Frank- 
lin, Muller-Eberhard and Kunkel isolated and 
characterized, by various methods, a refined 
and more purified “rheumatoid factor’’ prepa- 
ration upon which they determined the vari- 
ous carbohydrate fractions(1). Others have 
also achieved considerable purification by 
other technics(2,3). 

Materials and methods. Known normal 
pooled sera and pooled sera with a positive 
latex agglutination were submitted to 3 dif- 
ferent methods for isolation and purification 
of the euglobulin fractions. (1) Precipitation 


with 0.0027 N hydrochloric acid: Test sera 
were inactivated by heating at 56°C for one- 
half hour. In a 100 ml cellulose nitrate tube, 
one volume of clear serum was diluted by the 
slow addition (with continuous rotation of 
the tube) of 9 volumes of 0.0027 N hydro- 
chloric acid from a 50 ml burette. A pH 
within the range of 6.1 to 6.4 was thereby at- 
tained. The tubes were immediately placed 
in a refrigerated centrifuge at 4 to 8°C for 
30 to 60 minutes. The euglobulin precipitate 
then was centrifuged in the cold at 3,000 rpm 
for 10 minutes. The clear supernate was 
discarded by decanting from the firmly 
packed pellet, and last traces of the super- 
nate were removed either by draining the tube 
inverted over filter paper or by wiping the 
inner wall thoroughly with a gauze sponge. 
The precipitate was not washed. The concen- 
trated euglobulin was then dissolved in an 
added 0.5 ml of 0.9% NaCl solution, (2) 
Svartz cold agglutination, (3) and isolation 
and purification by continuous electrophoresis 
in veronal buffer 0.05 M pH 8.6. The eu- 
globulin was subjected to 3 separations on 
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the Spinco continuous electrophoretic appa- 
ratus. Following euglobulin isolation all sam- 
ples were tested with latex(4). Each euglobu- 
lin was then subjected to paper electropho- 
resis for protein and carbohydrate content on 
a Spinco Model R electrophoretic apparatus 
using veronal buffer 0.05 M, pH 8.6. All the 
above samples were gamma globulin in na- 
ture with the exception of one prepared with 
hydrochloric acid which contained 1.5% beta 
globulin. 

The following tests were made for carbo- 
hydrate: 

(1) Total protein bound hexose (T.P.B. 
H.). The thymol-sulfuric acid reaction(5). 
Isolation of acid mucopolysaccharide by the 
method of Bollet(6). (2) Hexosamine by a 
modification of the Elson-Morgan method (7). 
(3) Sialic acid by the method of Pigman, et 
al.(8). (4) Acid mucopolysaccharides by the 
carbazole method of Dische(9). 

Results and discussion. In Fig. 1, 2 of the 
euglobulin preparations are compared with a 
mannosegalactose standard of 40 pg (20 pg 
of each). The 2 globulins exhibit a typical 
peak in the 420 my range which is due to 
presence of protein. Carbohydrate moiety 
shows maximum absorption at 520 mp. This 
is in agreement with Shetlar and Masters(5) 
who found the protein curve absorbs more in 
the 420-440 mu range of the curve. Absorp- 


UG 1s 


tion curves obtained when sulfuric acid reacts 
with protein (in absence of thymol) has some 
absorption at 420 mp, most of the effect is 
apparently due to the reaction of sulfuric 
acid with proteins and does not involve the 
reaction with thymol. 

In Fig. 2 the 3 different preparations were 
compared with a standard of glucosamine hy- 
drochloride, maximum absorption being the 
same:as glucosamine at 550 mu. The increase 
in optical density from 400 to 450 mp was 
due to the hydrolytic products of protein. 
This could be reduced greatly if hydrolyzed 
proteins were used as blanks. No attempt 
was made to purify further the glucosamine 
hydrolyzates because the use of the blank cor- 
rected for the increase in optical density (Fig. 
on 

In Fig. 4 the euglobulin fractions were ex- 
amined for their sialic acid content, utilizing 
the diphenylamine reaction. Specimen No. 5 
was purified human glycoprotein preparation 
which contained 12% sialic acid. Also in- 
cluded was a serum to serve as a control for 
the reaction which was found to contain 114 
mg% of sialic acid. All of the euglobulins 
exhibited a peak at 530 mu as did the serum 
and the purified human mucoprotein fraction 
with the exception of No. 3 which was a cold 
agglutination prepared by the method of 
Svartz(3). This was repeatedly checked and 


Absorption spectrum of total protein-bound hexoses in thymol- sulfuric acid. 


(1) Euglobulin from continuous electrophoresis. Total protein bound hexoses, 49.8 wg. (2) Bu- 

globulin prepared by Svartz cold agglutination method. Total protein bound hexoses, 34.3 yg. 

(3) Mannose-galactose standard 40 wg (20 wg each of mannose and galactose). nae 
FIG. 2. Glucosamine absorption spectrum of euglobulin preparations. (1A) Huglobulin iso- 


lated from latex positive serum by continuous electrophoresis. Glucosamine, 53 wg. (2A) Eu- 
globulin isolated from latex positive serum by Svartz cold agglutination method. Glucosamine, 
57 wg. (3A) Buglobulin from latex negative serum, Glucosamine, 74 wg. (4) Standard (Std.). 
Glucosamine, 60 ug. Siecle 

FIG. 3. The effect of proteins on the glucosamine reaction, 1A, 2A. Euglobulins isolated by 
continuous electrophoresis and Svartz cold agglutination method respectively—containing 53 yg 
and 57 wg. Read against Reagent Blank. 1A, 2A Blank. Hydrolytic effect of acid on proteins 
using distilled water as a blank. ; : a 

FIG. 4. Diphenylamine reaction for sialic acid. (1) Untreated serum control, .57 mg sialic 
acid. (2) Euglobulin isolated with HCl, .23 mg sialic acid. (3) Svartz cold agglutination euglob- 
ulin, .56 mg sialic acid. (4) Euglobulin isolated by continuous electrophoresis, .29 mg sialic 
acid. (5) Mucoprotein, purified (human), .52 mg sialic aeid. . 

FIG. 5. Carbazole reaction for uronic acids. (1) Mucopolysaccharide (acid) R.F. isolated 
from latex positive euglobulin, 5.1 wg. (2) Chrondroitin sulfate, sodium salt, 100 wg. (3) Glucu- 
ronolactone, 10 yg. a f Hy 

FIG. 6. Absorption spectrum of purified glycoprotein and seromucoid fractions utilizing the 
thymol-sulfurie acid reaction. (18) Seromucoid fraction isolated with phosphotungstie acid 
from a latex positive euglobulin, 60.5 wg. (28) Seromucoid fraction isolated with protamine sul- 
fate from a latex positive euglobulin, 57.6 wg. Glycoprotein fraction isolated with perchloric 
acid from a latex positive euglobulin. Std. = Mannose - galactose standard, 40 wg. 
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TABLE I. Protein and Carbohydrate Composition of Euglobulins. 


ne 
SSS eee SSS 


Total protein oe ‘ 
Total pro- bound hexoses, Glucosamine, Sialic acid, 

Euglobulin preparations tein, g % mg % mg % mg % 
Continuous electrophoresis 2.7 84.8 78.0 a 
.0027 N HCl, pH 6.1-6.4 1.2 68.4 33.5 23.3 
Cold agglutination (Svartz) 2.9 86.1 16.5 55.9 
Normal euglobulin (10 donors) lee 33.6 18.3 16.5 
7.9 182.0 — 114.0 


Whole serum (10 donors) 


found to show maximum absorption at 550 
Mp. 

When the carbazole reaction was applied to 
a product isolated by classical procedures for 
acid mucopolysaccharide-like substance (Fig. 
5) it was found to have maximum absorption 
at 540 my the same as glucuronolactone and 
chondroitin sulfate. The cold agglutination 
euglobulin used for isolation of the acid mu- 
copolysaccharide contained 144.0 mg of total 
protein with a total protein bound hexose of 
5.6 mg. This yielded 10.2 pg of acid muco- 
polysaccharide calculated as chondroitin sul- 
fate. Protamine gave no color with the car- 
bazole reaction, confirming the results ob- 
served by Bollet(6). Badin and Schubert 
added chondroitin sulfate to plasma and 
found it in the euglobulin fraction(10). 

Badin and Schubert(10) isolated euglobu- 
lin with a phosphate-citrate buffer, then pre- 
cipitated the uronic acid with lysozyme. If 
the above is chrondoitin sulfate it is not in 
agreement with Badin and Schubert as they 
obtained higher values in rheumatoid eu- 
globulins possibly due to the method of iso- 
lation of the acid mucopolysaccharide-like 
substance. 

No attempt was made to identify the acidic 
component because of the limited amount 
present. Using the procedure of Bollet(6) 
and the carbazole method for uronic acids it 
appeared to be a polysaccharide containing 
uronic acid which exhibits the characteristics 
of chondroitin sulfate. In the separation of 
the uronic acid-containing mucopolysaccha- 
rides, the positive latex reaction was lost fol- 
lowing reprecipitation of the euglobulin with 
1.8 M perchloric acid probably due to de- 
naturation. In checking each component from 
the fractionation of the acid mucopolysaccha- 
ride a loss of 14.1 mg of protein and 1.6 mg 
total protein bound hexose was encountered. 


The supernatant from the citric-phosphate 
buffer was dialyzed against tap water for 24 
hours and 0.5 ml of 18% phosphotungstic 
acid was added to obtain a seromucoid frac- 
tion. The precipitate was washed with cold 
ethanol, then dissolved in 5.0 ml containing 
1.0 ml of 1% sodium carbonate and 4.0 ml 
phosphate-saline buffer pH 8.2. This gave a 
protein high in glycoprotein material with a 
hexose:protein ratio at 1:5 whereas the 
original euglobulin was 1:25. The seromu- 
coid fraction gave a positive thymol-sulfuric 
reaction similar to those observed with the 
original euglobulin total protein bound hex- 
ose. 

In Fig. 6, “1 S” represents the seromucoid 
fraction treated with phosphotungstic acid 
and ‘“‘2 S” is the same except prior treatment 
with protamine sulfate for precipitation of 
the uronic acid-containing mucopolysaccha- 
ride. The glycoprotein curve represents the 
precipitate following initial treatment with 
0.14 M NaCl in 0.02 M NaOH and 1.8 M 
perchloric acid. The standard is made up 
with equal quantities of mannose and galac- 
tose. 

Table I gives results of several analytical 
methods used on the various euglobulin frac- 
tions that we have isolated. The percentage 
of total protein bound hexoses, glucosamine 
and the sialic acid present in each of the eu- 
globulin fractions is given, with mg% of 
each. The fractions isolated were gamma glo- 
bulins by paper electrophoretic means. When 
these values were compared with those of nor- 
mal euglobulin a marked elevation was ob- 
served. 

Summary. 1. Euglobulins were prepared 
by 3 different methods from “latex positive” 
pooled serum. 2. Total protein bound hexoses, 
glucosamine, and sialic acid were measured on 
each euglobulin preparation. All were some- 
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what similar with the exception of the eu- 
globulin prepared with hydrochloric acid, 
which had a higher per cent of hexose to pro- 
tein. All showed marked increase in content 
when compared with euglobulins isolated 
from a pooled “latex negative” normal serum. 
3. Paper electrophoretic examination reveals 
proteins that migrate as gamma globulins and 
are highly PAS positive. 4. A uronic acid- 
containing mucopolysaccharide was isolated 
from the cold agglutinating euglobulin. 
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Estrogens and Progesterone in the Sea Urchin (Strongylocentrotus 


franciscanus) and Pecten (Pecten hericius).* 


(26511) 


CHARLES R. BoTTICELLI, FREDERICK L. HiIsAw, Jr.,t AND HERBERT H. Wotiz? 
(Introduced by Frederick L. Hisaw) 
Biological Laboratories, Harvard University, Cambridge, Mass., Department of Biochemistry, 


Boston University School of Medicine, and University of Washington, 
Friday Harbor Marine Station 


Estradiol-178, estrone, and progesterone 
have been obtained, in vertebrates other than 
mammals, from the ovaries of dogfish(1), 
while estradiol, estrone, and estriol have been 
found in the ovaries of laying hens(2) and 
lungfish(3). Extracts of gonads from many 
invertebrates have produced estrogenic ef- 
fects in mammals(4,5), but the chemical 
identity of the active substances is mostly un- 
known. Only recently estradiol and proges- 
terone have been identified in the ovaries of 
the starfish(6). This report presents the re- 
sults of an effort to isolate and identify pos- 
sible estrogenic steroids and _ progesterone 
from ovarian tissue of 2 other representative 
invertebrates: the sea urchin, Strongylocen- 
trotus franciscanus, and the mollusk, Pecten 
hericius. 


* Aided by grants from Nat. Science Foundation 


and U.S.P.H.S. 
+t Dept. of Zoology, Oregon State College, Cor- 


vallis. 
t Senior Research Fellow, U.S.P.H.S. 


Methods and results. The ripe ovaries (3- 
5 kg) of each species were collected and 
stored in approximately twice their volume 
of acetone. The acetone extract was evap- 
orated to an oily residue, taken up by 70% 
ethanol and extracted 3 times with petroleum 
ether. Next, the ethanolic fraction was di- 
luted with water to contain 35% of alcohol 
and washed with petroleum ether 3 times. 
These 35% ethanolic fractions were tested 
for estrogenic action by the Astwood method, 
as previously described(7,8), and all gave 
positive results, although it was evident that 
only low concentrations of hormone were 
present. The ethanolic fraction was then 
dried in vacuo and the residue partitioned 
countercurrently between 70% methanol and 
a 50-50 mixture of chloroform and carbon 
tetrachloride with 29 transfers. In_ brief, 
those tubes corresponding to authentic estra- 
diol, estrone, and estriol were pooled and bio- 
assayed. The results (Table I) indicated es- 
trogenic activity only in material obtained 
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TABLE 1. Results of Bioassay from Countereur- 
rent Separation. 


Sea urchin Pecten 
fe aa Sy, 
Uterine % increase Uterine % increase 
Frac- wet wt, over wet wt, over 
tions mg controls mg controls 
Controls* 22.8 22.8 
0- 2 22.3 21.6 0 
3- 9 21.9 0 24.8 9.2 
10-19 24.9 9.2 25.7 13.0 
20-26 22.2 0 20.3 0 
27-29 21.7 0 21.4 0 


* Avg uterine wet wt for 20 untreated animals. 


from tubes 10-19 for the sea urchin, and tubes 
3-9 (estrone) and 10-19 (estradiol) for the 
pecten. The estrone and estradiol fractions 
from each species were divided into 3 aliquot 
portions, and each portion was subjected to 
the following 3 paper chromatographic sys- 
tems, at room temperature: (1) benzene-for- 
mamide (1:1) for 22-24 hours; (2) toluene- 
propylene glycol (1:1) for 6 hours; and (3) 
ligroin-propylene glycol (1:1) for 64 hours. 
In each of these systems the unknown was 
applied to one of 4 strips, estrone to another, 
estradiol to a third, and a mixture of estrone 
and estradiol to the fourth. The 4 strips in 
each system were run simultaneously. The 
3 strips treated with the authentic estrogens 
were stained with a ferric chloride-ferricy- 
anide stain. The areas on the experimental 
strips corresponding to the standards were 
cut and eluted 5 times with absolute ethanol. 
Similar elutions also were made of the re- 
maining paper from the experimental strips. 
An aliquot portion of each eluate was bio- 
assayed. The sea urchin, like the previously 
tested starfish(6), upon bioassay indicated 


TABLE ITI. 
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the presence of estradiol-178, while the test 
fractions for the pecten corresponding to both 
estradiol and estrone gave positive results 
(Table III). Assuming that estradiol can be 
converted to estrone in the echinoderms, it 
seems quite probable that estrone also might 
have been present, but in a quantity insuffi- 
cient for detection by our methods. It has 
been estimated for purposes of comparison 
that the ripe ovaries of starfish and sea ur- 
chin contain a minimum of 0.04 to 0.1 yg of 
estradiol-178 per kilo of fresh tissue, while 
in the pecten there is a minimum of 10.0 yg. 


The brown oily residue obtained on evap- 
oration of the original petroleum ether frac- 
tions was used for isolation of progesterone 
by procedures previously described(1). In 
brief, the experimental material was sub- 
jected to column chromatography. Those 
fractions that corresponded to authentic pro- 
gesterone on a control column gave positive 
results by the Hooker-Forbes method. Other 
progestational substances were also present, 
one of which was identified as probably being 
A*-3-keto-pregnen-206-ol. The evidence for 
progesterone, though not as convincing as 
that for estradiol and estrone, is nevertheless 
significant. The amount of active material 
obtained was too small for a more thorough 
characterization, and absolute chemical iden- 
tification will require further study. 

Conclusions. It has become well estab- 
lished that estradiol-178, estrone, and pro- 
gesterone are present in the ovaries of verte- 
brates from mammals to fishes, and the pres- 
ent report extends these observations to in- 
clude certain of the invertebrates. Therefore, 


Sea Urchin—Bioassay of Eluted Paper Strips from 3 Different Chromatographie 


Systems, 


Estrone 
Uterine 
wet wt, mg over control 


Chromatographie systems 


CC fractions 10-19 chromatography * 


Estradiol 


Uterine 
wet wt, mg 


% inerease % inerease 


over control 


3enzene-formamide 21.7 
Toluene-propylene glycol 22.2 
Ligroin-propylene glycol 23.6 


0 27.2 19 
0 25.3 13 
0 41.5 82 


* Areas of test strips corresponding to authentie estrone and estradiol-17g uterine weights 
are avg for 2 animals in each experimental test. Avg uterine wet wt for 20 untreated control 
animals was 22.8 + 0.3 mg. Tests for tubes 3-9 gave uniform negative results, so were not re- 


corded. 
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TABLE III. Pecten—Bioassay of Eluted Paper Strips from 3 Different Chromatographie Systems. 


CC fractions 3-9 chromatography* 


CC fractions 10-19 chromatography* 


hromate: Estrone Estradiol Estrone Estradiol 
graphic Uterine % Uterine % Uterine % Uterine % 
systems wet wt,mg increase wet wt,mg increase wet wt,mg increase wet wt,mg increase 
Benzene-forma- 27.5 20.6 21.3 0 25.8 13,1 35.2 54.8 
mide 
Toluene-propylene — 29.2 28.0 21.5 0 22.2 0 43.8 92.1 
glycol 
Ligroin-propylene 34.1 49.5 22.3 0 21.6 0 45.3 98.6 
glycol 


* Areas of test strips corresponding to authentic estrone and estradiol-17g. Uterine weights are avg 
for 2 animals in each experimental test. Avg uterine wet wt for 20 untreated control animals was 22.8 + 


0.3 mg. 


it seems a distinct possibility that they may 
be of common occurrence in the animal king- 
dom. It is known, of course, that these com- 
pounds have important endocrine functions 
in the vertebrates, but whether this is also 
true of the invertebrates is at present un- 
known. However, there is now considerable 
evidence indicating that these steroids may 
take an important part in growth and devel- 
opment of the vertebrate Graafian follicle(9). 
It seems possible that this may represent the 
original and hence most primitive function of 
these substances, and that their action as 
hormones affecting structures beyond the con- 
fines of the ovary may represent later special- 
izations. 

Summary. The ovaries of the sea urchin, 
Strongylocentrotus franciscanus, and the pec- 
ten, Pecten hericius, were extracted for ster- 
oids. Estrogenic activity equivalent to 10 
wg or less per kilo of wet tissue was found in 
each species by bioassay. The most active 
estrogenic substance was identified as estra- 
diol-178. Separations were made by coun- 
ter-current distribution (29 transfers: upper 
phase—70% methanol; lower phase—50% 
chloroformic, 50% carbon tetrachloride), pa- 
per chromatography (3 systems: toluene-pro- 
pylene glycol; ligroin-propylene glycol; ben- 


zene-formamide), and bioassay (Astwood 
method). Progesterone was also identified 
tentatively by column chromatography and 
the Hooker-Forbes assay. Other progesta- 
tional substances were present, one of which 
may be A?-3-keto-pregnen-206-ol. The oc- 
currence of these steroids in 2 distinctly dif- 
ferent phyla indicates a wide distribution and 
may be of some significance in the evolution 
of sex hormones. 
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Induction of Leukemia in Rats with Mouse Leukemia (Passage A) Virus.* 


(26512) 


LupwIk Gross 
(With technical assistance of Yolande Dreyfuss and Lorraine A. Moore) 


Cancer Research Unit, Vet. Administration Hospital, Bronx, N. Y. City 


A mouse leukemia virus (passage A) origi- 
nally isolated from spontaneous Ak leukemia 
and then passed by serial cell-free passage 
through newborn C3H mice(1) was employed 
in this study. When inoculated into less than 
10-day-old C3H/Bi mice, this virus, now in 
its 27th passage, consistently induces lym- 
phatic leukemia in over 95% of the inocu- 
lated animals after an average latency of less 
than 3 months. 

An attempt was made to determine whether 
this mouse leukemia virus could also induce 
leukemia in rats. 

Materials and methods. Animals. From 
a nucleus of randomly bred Sprague-Dawley 
rats received in June 1960 through the cour- 
tesy of Dr. J. B. Moloney from the Animal 
Production Unit, Nat. Inst. of Health, Beth- 
esda, Md., a small colony of rats has been 
raised in our laboratory by brother-to-sister 
mating. 

Leukemic extracts of 20% concentration 
were prepared in the usual manner(1) from 
thymic and mesenteric lymphoid tumors, as 
well as spleens and livers pooled from several 
C3H/Bi mice with passage-A-virus-induced 
leukemia. 

Following centrifugation, at O°C, at 3,000 
rpm for 15 minutes, then at 9,500 rpm for 5 
minutes, the final supernate was _ passed 
through Selas, porosity 02, filter candles, and 
immediately used for inoculation of newborn, 
less than 1 day old, Sprague-Dawley rats. 
All inoculations were intraperitoneal (0.5 ml 
each). The animals were weaned when about 
3 weeks old, separated by sexes, and kept for 
observation. 

Experimental. In the first experiment, a 
newborn litter consisting of 6 females and 5 
males was inoculated with the leukemic fil- 
trate. Eight of the 11 rats (73%) developed 


* Aided in part by grants from Damon Runyon 
Memorial Fund and Am. Cancer Soc. 


leukemia at 3 to 4 months of age; the remain- 


ing 3 rats are still in good health at 5 months" 


of age. Among the leukemic rats, 3 had very 
large thymic lymphosarcomas filling out al- 
most the entire chest cavity; 3 other rats had 
very large thymic lymphosarcomas, but also 
very large spleens, large livers, and moder- 
ately large mesenteric lymphosarcomas; the 
remaining 2 rats had a generalized stem-cell 
leukemia (Fig. 1). No enlargement of in- 
guinal or axillary lymph nodes was noticed 
in any of these animals. Only 2 rats had a 
high peripheral (tail) white blood count; the 
highest count was 403,000 WBC per cu mm 
with 95% stem cells (Fig. 2). In other rats, 
the peripheral blood changes were moderate, 
with slight, if any, elevation of the white cell 
counts and only occasional presence of blast 
cells; all leukemic rats, however, had anemia. 

In a second experiment, a litter consisting 
of 7 newborn rats was inoculated with the 
leukemic filtrate; 4 rats (57%), thus far, 
have developed leukemia at 4 to 4% months 
of age. One had a generalized stem-cell leu- 
kemia (188,000 WBC per cu mm), and one 
a generalized lymphatic leukemia; 2 had very 
large thymic lymphosarcomas with no other 
pathology. The remaining 3 rats now 5 
months old, are still in good health. 

In a third experiment, now in progress, 3 
newborn litters, consisting of a total of 21 
rats, were inoculated with the leukemic fil- 
trate; 12 rats have thus far (57%) devel- 
oped leukemia at 2% to 3 months of age; 


the remaining 9 are still in good health, but. 
are only 3 months old now. Among the leu- 
kemias observed, 4 were thymic lymphosar- 
comas, 7, were generalized lymphatic leuke-, 


mias and one was a stem-cell leukemia. 

Discussion. Experiments 
suggest that newborn rats of the Sprague- 
Dawley strain are susceptible to the leukemo- 
genic action of the mouse-leukemia-derived 


reported here 


Mouse LEvuKeEMIA Virus PATHOGENIC FOR RATS 


FIG. 1. Rat of Sprague-Dawley strain inoculated 
(.5 ml i.p.) when less than 1 day old with mouse 
leukemia (passage A) filtrate. As a result, general- 
ized leukemia developed after a latency of 4 mo. 
Note large mediastinal and mesenteric tumors, very 
large spleen, and large liver. Blood examination 
showed stem-cell leukemia (see Fig. 2). Bone mar- 
row was also leukemic. 
passage A virus. The incidence of leukemia 
thus far induced in rats varied from 57 to 
73%; however, among the inoculated ani- 
mals, those that remained free from leukemia 
are still young, and some may develop leuke- 
mia later. It is our impression that final inci- 
dence will exceed 80%, and will thus be only 
slightly lower than that observed following 
inoculation of the same virus into suckling 
mice of susceptible strains. Rats of the 
Sprague-Dawley strain are not homogeneous, 
and susceptibility may vary from one litter to 
another. The incidence of spontaneous leu- 
kemia in rats of this stock is very low, and 
probably does not exceed 2% in old animals, 
but is difficult to assess since no exact data 
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are available. We have not yet seen a spon- 
taneous leukemia among our untreated ani- 
mals of this strain. 

Whereas it is relatively easy to recognize 
leukemia in the live mouse, the difficulties 
are more pronounced in the rat. Labored 
breathing may be indicative of a thymic lym- 
phosarcoma, but is diagnostic only in more 
advanced phases of the disease. Enlarged 
spleen is another sign of certain forms of gen- 
eralized leukemia in the rat, but is not always 
present; furthermore, it may not be easy to 
palpate the abdomen of adult rats and detect 
a moderate spleen enlargement. Blood counts 
are reliable as a diagnostic aid, but only in 
cases in which leukemia involves the periph- 
eral blood; quite frequently, however, the dis- 
ease may be aleukemic. Thus the investigator 
must frequently base his diagnostic con- 
siderations in live rats not only on peripheral 
blood examination, but also on the general 
appearance and behavior of the animals, their 
relative strength, weight, and manner of 
breathing. Curiously, the inguinal and axil- 


lary lymph nodes were not prominently en- 
larged in most leukemic rats thus far observed 
in our studies, thus adding to diagnostic dif- 
ficulties; in mice, the often, although not al- 
ways, prominently enlarged peripheral lymph 
nodes in either spontaneous, or filtrate-in- 
duced, leukemia facilitate diagnosis in the live 


a 


FIG. 2. Blood smear from tail of a rat in which 
leukemia developed following inoculation of mouse 
leukemia (passage A) virus (see Fig. 1). WBC 
403,000/mm*. 95% stem cells. Magnification 520 x 
(oil immersion), Wright and Giemsa stain. 
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animal. No diagnostic difficulties were en- 
countered, however, once the leukemic rats 
died or were sacrificed, and their internal or- 
gans were inspected. The large thymic tu- 
mors, frequently enlarged spleens and livers, 
and mesenteric tumors, could hardly be 
missed. The blood morphology was diag- 
nostic only in some animals; in others, the 
disease was aleukemic, with only insignificant 
changes in blood morphology. Similarly, mi- 
croscopic sections of internal organs, such as 
spleen, liver, or kidneys, showed infiltration 
with leukemic cells only in animals with gen- 
eralized leukemia. The femoral bone marrow 
of the leukemic rats was examined in several 
instances, and was usually found to be leuke- 
mic; however, in at least 2 of those leukemic 
animals in which the disease was limited to 
very large thymic lymphosarcomas, the bone 
marrow was found to be non-leukemic. This 
was consistent with our previous observations 
on virus-induced mouse leukemia (Gross, un- 
published), in which occasionally mice with 
typical, but early, leukemia had _ non-leu- 
kemic bone marrow. It is possible that the 
leukemic process may initially develop in 
the thymus, or in another organ such as 
spleen, then spread rapidly to other organs 
of the host, including also the bone marrow. 
Accordingly, the bone marrow may represent 
a secondary, and not necessarily a primary, 
site of the disease. 

It is of considerable interest that a mouse 
leukemia virus could induce leukemia in rats, 
even though the same virus has been observed 
to display a specific affinity for particular in- 
bred strains of mice(2). The host specificity 
of the Ak-leukemia-derived mouse virus was 
more pronounced in our early studies(3) in 
which extracts of relatively low potency were 
employed. Even the more recently employed 
potent passage virus, however, is still more 
leukemogenic for certain inbred strains of 
mice, such as C3H/Bi, or C57 Brown/cd, 
than for others, such as C3H/An, BALB/c, 
or A(2). The curious phenomenon was thus 
observed that a leukemic virus may display 
specificity for certain strains of mice, or even 
for certain sublines of inbred strains(3), yet 
the same virus may be able to cross a species 
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barrier and induce a similar disease in ani- 
mals of 2 different species. 

Other oncogenic mouse viruses also have 
been observed to induce leukemia in rats. 
Graffi and Gimmy(4) observed development 
of leukemia following inoculation of newborn 
rats of either Sprague-Dawley, or Wistar 
strains with a leukemogenic virus isolated 
from transplanted mcuse tumors; the inci- 
dence of leukemia, however, induced with 
this mouse virus in rats was low and aver- 
aged only 10% (5). Moloney, employing for 
inoculation a leukemogenic mouse virus iso- 
lated from transplanted mouse sarcoma 37, 
was able to induce an incidence of leukemia 
exceeding 70% in rats of the Sprague-Daw- 
ley strain(6). 

It thus appears that a mouse leukemia vi- 
rus may induce leukemia also in rats. The 
tissue-culture-grown parotid tumor (poly- 
oma) virus(7), which is essentially an onco- 
genic virus originally isolated from leukemic 
mouse tissues(8), also induces tumors not 
only in the host of the origin, 7.e., in mice, 
but also in hamsters(9), and rats(10). The 
oncogenic viruses may be in general much 
less species-specific than might have been 
anticipated. 


Addendum. As this manuscript goes to press, ad- 
ditional data became available suggesting that the 
leukemic virus could be readily recovered from rats 
in which leukemia had been induced with passage 
A filtrate, and could then be passed from rat to rat. 
From leukemic organs of one of the rats in which 
leukemia developed following inoculation of passage 
A (mouse leukemia) filtrate, a filtered (Selas 02) 
extract was prepared in the usual manner, and in- 
oculated into 9 newborn Sprague-Dawley rats. After 
a short latency of only 2 months, 8 out of the 9 
inoculated rats (89%) developed leukemia; two rats 
had very large thymic lymphosarcomas, and the re- 
maining 6 had a generalized lymphatic leukemia. 

Summary. 1. A mouse leukemia virus, 
originally isolated from spontaneous Ak leu- 
kemia, then passed serially through newborn 
mice (passage A), and consistently leukemo- 
genic for suckling mice of susceptible strains, 
was found to be leukemogenic also for new- 
born rats. 2. Following intraperitoneal in- 
oculation of passage A filtrates into newborn 
Sprague-Dawley rats, leukemia developed in 
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from 57% to 73% of the inoculated animals, 
after a latency varying from 2% to 4% 
months. 3. Either localized thymic lympho- 
sarcomas, or generalized lymphatic leukemia, 
involving also spleen, liver, and mesenteric 
lymph nodes, developed in the inoculated ani- 
mals. A few rats developed acute stem- 
cell leukemia. 
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Partial conversior of free to combined cho- 
lesterol upon incubation of normal human 
serum has been reported(1). Thirty-one to 
50% decrease in free cholesterol occurred 
when serum from 20 normal patients was in- 
cubated(2). Incubation of serum from most 
patients with active coronary atherosclerosis 
resulted in less than normal conversion(3). 
These observations suggested the value of 
studying the relationship between serum free 
cholesterol not combined upon incubation and 
development of atheroma in normal and 
atherosclerotic young cockerels. 

Material and methods. Approximately 4 
wk old White Leghorn cockerels were used. 
Normal birds were fed a commercial chick 
growing mash ad lib.* Atherosclerosis was 
induced by feeding the basal diet containing 
.5% cholesterol deposited from ethyl ether 
solution. | Atherosclerotic condition was 
evaluated as % area of the aorta, brachioceph- 
alic, and iliac arteries involved in plaque for- 
mation. Pooled blood serum from each group 
was incubated 30 hr at 37-38°C. Other meth- 
ods employed have been described(4). 

Results and discussion. Extent of artery 
involvement and serum cholesterol data be- 


* Little Brothers Chick Growing Mash, Little 


Brothers, Kalamazoo. 


fore and after incubation were determined in 
3 series of groups of birds, representing nor- 
mal, mild spontaneous, and severe choles- 
terol-induced atherosclerosis _ respectively 
(Tables I, II, II). Total cholesterol values 
did not change appreciably upon incubation. 
Last column in each table shows the % ori- 
ginal free cholesterol remaining after serum 
incubation. 

Of particular interest is the incubation in- 
crease of % uncombined free cholesterol from 
normal (17 to 45) through mild spontaneous 
(45 to 56) and severe cholesterol-induced 
atherosclerosis (57 to 87%). The range, 17 
to 45%, for normal birds suggests an increas- 
ing tendency toward atherosclerotic develop- 
ment although plaques were not grossly ob- 
servable (Table I). Corresponding results, 
45 to 56%, associated with the first appear- 
ance of plaques as mild spontaneous athero- 
sclerosis in birds on normal diet support this 
suggestion (Table I). 

Plaques were always found when more ori- 
ginal free cholesterol remained than was com- 
bined upon incubation. They were not found 
when less than 45% remained. Approxi- 
mately 57% marked the beginning of severe 
atherosclerosis. This narrow range for mild 
spontaneous artery involvement represents a 
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TABLE I. Eight Groups of Cockerels Fed Normal Diet—8 Weeks Experimental Period—With- 
out Atheroselerotie Plaque Development. 


Series 1 (38 birds) 
Not incubated 
ti a Ra a a 


Blood serum cholesterol 


Incubated 30 hr at 37 to 38°C 
% original 


Atherosclerotic Free to com- Free free remain- 
plaques Total Free bined form remaining ing after 
(% area) (ng %) (mg %) (mg %) (mg %) incubation 
0 104 27.2 22.5 4.7 17.3 
0 106 27.4 19.3 8.1 29.6 
0 100 26.6 18.0 8.6 32.3 
0 104 26.2 16.8 9.4 35.9 
0 94 24.5 15.1 9.4 38.4 
.0 103 26.9 16.1 10.7 39.8 
.0 104 26.0 15.0 119 44.2 
0 98 24.4 13.5 10.9 44.7 
Mean values 0 102 26.2 17.0 9.2 35.3 
Range = 94-106 24.4-27.4 22.5-13.5 4.7-11.9 17.3-44.7 


relative balance between amounts of original 
free cholesterol combined and not combined 
upon incubation. 

An outstanding incubation difference is the 
large increase above normal for uncombined 
free cholesterol in the severely atherosclerotic 
series. Values for the normal, mild spon- 
taneous, and atherosclerotic series are 9, 14, 
and 67 mean mg% respectively. Original 
free cholesterol combined upon incubation 
shows small differences for the three series 
(17, 13, and 23 mean mg %). Correspond- 
ing approximate ratios of uncombined to 
combined upon incubation for the 3 series in 
the order named are .5, 1, and 3. 

Statistical. Small increases in serum cho- 
lesterol mean values for normal compared 
with mild spontaneous series before incuba- 
tion are not statistically significant. In con- 
trast, all corresponding probability values 


comparing normal with severe atherosclerotic, 
or the latter with mild spontaneous series, 
and in all possible interseries comparisons of 
extent of arterial plaques were highly signifi- 
cant, with P<.001. Probability values com- 
paring normal with mild spontaneous series 
relative to (a) mg % original free cholesterol 
combined, (b) mg % and (c) % of original 
remaining after incubation are >.02, >.001, 
and <.01 respectively. Corresponding sets 
of values for comparisons of normal and mild 
spontaneous with severe series are .05, <.001, 
<.01, and <.02, <.001, >.001. 
Summary. Relationship between serum 
free cholesterol not combined upon incuba- 
tion and atheroma development has been 
studied using sera from normal and choles- 
terol-fed young cockerels. Original free chol- 
esterol uncombined after incubation of serum 
from normal, mild spontaneous, and severely 


TABLE IT. Five Groups of Cockerels Fed Normal Diet—8 to 31 Weeks Experimental Periods 
—With Low Degrees of Spontaneous Atherosclerotic Plaque Development. 


Series 2 (31 birds) 
Not ineubated 


Ge aS 


Blood serum cholesterol 


Incubated 30 hr at 37 to 38°C 
% original 


Atherosclerotic Free to com- Free free remain- 
plaques Total Free bined form remaining ing after 
(% area) (mg %) (mg %) (mg %) (ng %) incubation 
16 L100 26.5 14.5 12.0 45.3 
.20 123 29.7 15.8 13.9 46.8 
14 119 28.6 13.9 14.7 51.4 
.20 105 26.2 LRG: 14.6 55.7 
02 94 22.8 10.1 12.7 55.7 
Mean values 14 108 26.8 13.2 13.6 51.0 
Range .02—.20 94-123 22,8-29.7 15.8-10.1 12.0-14.7 45.3-55.7 
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TABLE III. Eight Groups of Cockerels Fed .5% Cholesterol Atherogenic Diet—8 Weeks Ex- 
perimental Period—With Severe Atherosclerotic Plaque Development. 


Series 3 (57 birds) Blood serum cholesterol 


Not ineubated Ineubated 30 hr at 37 to 38°C 


See % original 
Atherosclerotic Free to com- Free free remain- 
plaques Total Free bined form remaining ing after 
(% area) (mg %) (ng %) (mg %) (ng %) incubation 
14.1 219 59.5 25.8 38.7 56.6 
20.1 297 76.1 26.5 49.6 65.2 
19.6 416 104.6 35.1 69.5 66.4 
10.8 325 82.0 24.6 57.4 70.0 
26.8 314 84.5 21.0 63.5 75.1 
18.0 456 121.7 23.7 98.0 80.5 
19d 396 102.1 14.7 87.4 85.6 
16.6 328 90.2 ial gs) 78.4 86.9 
Mean values 18.1 344 90.1 22.9 67.2 73.3 
Range 10.8—26.8 219-456 59.5-121.7 35.1-11.8 33.7-98.0 56.6—-86.9 


The author thanks Mr. Warren R. Lincoln for his 
technical assistance, and Dr. Harris D. Webster, of 
Pathology Research, for assistance in evaluating the 
arteries. 


atherosclerotic birds is 9, 14, and 67 mean 
mg % respectively. Amounts combined upon 
incubation show smaller differences (17, 13, 
and 23 mean mg %) for the 3 series. Cor- 
responding ranges of per cent original free 
cholesterol not combined are 17 to 45 for nor- 
mal, 45 to 56 for mild spontaneous, and 57 
to 87% for severe cholesterol-induced athero- 
sclerosis. Results of this study indicate that 
there is a relationship between serum free 
cholesterol not combined upon incubation and 
development of atheroma in young cockerels. 
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Mitochondrial a-Glycerophosphate Dehydrogenase Activity 
of Juxtaglomerular Cells in Experimental Hypertension 
and Adrenal Insufficiency. (26514) 


R. Hess anp A. G. E. Pearse (Introduced by D. G. Scarpelli) 
Department of Pathology, Postgraduate Medical School, London, England 


(2). The type of metabolic pathway operat- 
ing in JG cells is unknown. 
Using a _ histochemical technic, mito- 


It has been established in both man and ex- 
perimental animals that the juxtaglomerular 
(JG) cells are related to formation of extrac- 


table renin in the kidney, that they respond 
to alterations of sodium metabolism and, pos- 
sibly, participate in mechanisms maintaining 
systemic arterial pressure. The physiologi- 
cal state of these cells, which form part of the 
preglomerular arterioles, is usually assessed 
by estimating the amount of stainable cyto- 
plasmic granules(1), which are believed to be 
secretory in nature and may contain renin 


chondrial a-glycerophosphate dehydrogenase 
(GPD, Meyerhof-Green enzyme) can _ be 
demonstrated to be particularly active in the 
JG cells. This activity changes in the same 
direction as renin content in both experi- 
mental hypertension and adrenal insufficiency 
and seems to indicate one of the major meta- 
bolic steps which govern the functional state 
of the juxtaglomerular complex. 
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TABLE I. a-Glycerophosphate Dehydrogenase Ac- 
tivity* of Rat Kidney Mitochondria. 


Addition Cortex Medulla 
None oF 72 
Amytal (5 & 10-°m) 36 70 
Menadione (10-*m) 1.50 4.10 
i + amytal (5 X 10°m) 1.44 3.90 
+ antimycin A, 10 ug/ml 1.53 4.30 
2 + dicoumarol (10~m) 12 24 


* Expressed as ng of formazan/mg protein/min. 
(mean values of 2 exp.). 

Materials and methods. A first group of 
11 male albino rats (mean initial weight 158 
g) were rendered hypertensive by unilateral 
clamping of the renal artery. Their blood 
pressure increased from 120 + 2.9 mm Hg to 
184 = 7.4 mm Hg 36 days after operation. 
A second group of unilaterally nephrecto- 
mised animals (mean initial weight 106 g) 
were overdosed with desoxycorticosterone ace- 
tate (DOCA) and sodium chloride; after 36 
days of treatment, systolic pressure had risen 
from 96 + 1.8 mm Hg to 145 + 5.1 mm Hg. 
Details of the experimental procedure have 
been reported(3). A comparable group of 6 
animals were adrenalectomised and put on a 
sodium deficient diet for 7 days. Untreated 
animals served as controls. 

For histochemical examination, 5 to 8 yp 
fresh frozen cryostat sections were used from 
slices of the middle parts of the kidneys which 
had been quenched in liquid oxygen. The 
sections, mounted on coverslips, were incu- 
bated for 30 minutes at 37° in a medium con- 
taining substrate, 10'm, (sodium L-a-glyc- 
erophosphate) ; 2-methyl-1,4-naphthoquinone 
(menadione), 10*M; tris (hydroxymethyl) 
aminomethane-HCl buffer, 5 x 10° m, pH 
7.4; 3-(4,5-dimethyl thiazolyl-2) 2,5 di- 
phenyl tetrazolium bromide (MTT), 5 
10°m; CoCl,, 10°%m. For demonstration of 
lactate and malate dehydrogenase activity, 
menadione was omitted and the sodium salt 
of u-lactic acid or t-malic acid was used as 
substrate, in presence of diphosphopyridine 
nucleotide (DPN), 5 & 10°. 

In vitro, mitochondria from cortex and 
meduJla of normal rat kidneys isolated in 
0.25m sucrose and frozen-thawed, were incu- 
bated in the a-glycerophosphate medium at 
37° and the cobalt-formazan formed was 


measured spectrophotometrically at 660 mp 
in ethyl acetate. 

Results. The in vitro effect of some acti- 
vators and inhibitors on specific GPD activ- 
ity of cortical and medullary mitochondria is 
shown in Table I. 
ficient primary electron acceptor than tetra- 
zolium in this system and formazan produc- 
tion is increased 4- to 5-fold in its presence. 
Hydroquinone reduces tetrazolium non-enzy- 
mically(4). GPD is highly sensitive to di- 
coumarol but, in contrast to the menadione- 
dependent GPD of rat brain(5), it is not in- 
hibited by amytal. 

Distribution of GPD in normal rat kidney. 
High activity was found in the tubules of the 
outer medulla (descending and ascending 
limb) and in the cortical collecting ducts. 
Moderately strong activity was displayed by 
JG cells, distal convolutions (including the 
macula densa segment), vascular endothelium 
and medullary collecting duct epithelium. 
Both glomerular epithelium and _ interstitial 
cells were weakly active. No reaction oc- 
curred in the proximal convolutions or in vas- 
cular smooth muscle. 


Renal hypertension. Five weeks after uni- 
lateral clamping of the renal artery, GPD ac- 
tivity was strongly enhanced in JG cells (Fig. 
1). In the untouched contralateral kidney 
JG-cell activity was lower than normal and 
in some areas, decreased to zero (Fig. 2). 
These changes were more pronounced in 
outer cortical areas than in zones adjacent to 
the medulla. 


DOCA and _saline-induced hypertension. 
JG cells throughout the cortex were very low 
in activity and in many areas no GPD reac- 
tion could be obtained. 

Adrenal insufficiency. Seven days after 
adrenalectomy an increased activity of GPD 
was observed in JG cells throughout the cor- 
tex. The appearance of the cells in adrenal 
insufficiency was very similar to that found 
in the ischemic kidney of animals bearing a 
Goldblatt clamp. In contrast to JG cells, 
GPD activity in the other renal structures 
was not significantly altered by the experi- 
mental procedures. After DOCA-saline over- 
dosage, GPD activity was increased in col- 


Menadione is a more ef- — 
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ie Tae Dee Sa Sos 2 
FIG. 1. High activity of mitochondrial GPD in 
JG cells (ischemic kidney from a rat bearing ua 
Goldblatt clamp). 580 x. 

FIG. 2. Same animal as Fig. 1. Low GPD activ- 
ity in JG cells of unclamped kidney. 580 X. 
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lecting duct epithelium of the papilla in about 
half the animals tested. 

Lactate and malate dehydrogenase activ- 
ity in JG cells, in muscle cells of the afferent 
arteriole, and in cells of the glomerular tuft, 
was increased in areas showing hypertrophic 
vascular changes in hypertensive animals. 
However, no deviation from normal activity 
occurred in adrenal insufficient rats. 

Discussion. McManus’ concept that JG 
cells and the macula densa segment of the 
distal tubule form a functional unit (viz. the 
“Suxtaglomerular complex”) (6) is well sup- 
ported by observations on the relationship of 
enzymic activity present in these structures. 
Although a different enzyme system is shown 
to prevail in the two parts composing the JG 
complex (glucose-6-phosphate dehydrogenase 
(G6PD) in macular cells(3,7,8) and mito- 
chondrial GPD in JG cells), both kinds of 
activities have been demonstrated to change 
in the same way as renin content. 

Metabolic activity of the macular segment 
seems to a large extent to depend on the func- 
tion of the hexosemonophosphate (HMP) 
shunt which, by supplying reduced triphos- 
phopyridine nucleotide, is linked to biological 
synthetic systems(9). The non-coenzyme 
linked GPD(10) on the other hand, partici- 


pates in the a-glycerophosphate cycle(11) 
which, in certain tissues (insect flight muscle) 
provides the main energy-yielding mechanism. 
Histochemical proof for the existence of the 
complete GP-cycle is lacking, however, since 
we found it impossible to separate DPN-de- 
pendent cytoplasmic GPD activity (von Eu- 
ler-Baranowski enzyme) from its mitochon- 
drial counterpart by means of tetrazolium re- 
duction. The equilibrium of the cytoplasmic 
GPD is shifted far toward GP(12). It may 
be significant that changes in GPD activity 
in JG cells were not accompanied by similar 
alterations of lactate dehydrogenase. Disso- 
ciation of these two activities together with 
low levels of lactate dehydrogenase has beer 
found to occur in insect flight muscle bio- 
chemically(13) and histochemically (Hess 
and Pearse, unpublished). Furthermore, it 
is unlikely that the glycogen cycle is operat- 
ing in JG cells. We were unable to demon- 
strate glucosan phosphorylase activity(14) in 
them, in contrast to muscle cells of the affer- 
ent arterioles which were strongly active. 

If we postulate that triose phosphate iso- 
merase is present in the JG complex, then 
glyceraldehyde-3-phosphate generated by the 
HMP pathway(9) could provide the dihy- 
droxyacetone phosphate necessary for opera- 
tion of the GP-cycle.. A metabolic pathway 
of this sort might represent a biochemical link 
between the two major parts of the JG com- 
plex which have been shown recently to be in 
intimate communication by means of mem- 
branous structures(15). 

Summary. Non-coenzyme linked a-glycero- 
phosphate dehydrogenase activity has been 
demonstrated histochemically in juxtaglome- 
rular cells of rats. Menadione, which in- 
creased the activity of rat kidney mitochon- 
dria 4- to 5-fold in vitro, was required as in- 
termediate electron carrier when a_thiazol 
substituted monotetrazole was used as final 
H-acceptor in tissue sections. a-Glycerophos- 
phate dehydrogenase activity of juxtaglome- 
rular cells increased both in ischemic kidneys 
from renal hypertensive rats and in kidneys 
from adrenal insufficient animals. Decrease 
in activity of juxtaglomerular cells was 
noted both in untouched kidneys from ani- 


898 


mals bearing a unilateral arterial clamp and 
in the renal cortex of rats overdosed with 
DOCA on a high sodium diet. 


Tissues from hypertensive rats were kindly sup- 
plied by Dr. F. Gross, Pharmaceutical Department 
of CIBA, Ltd., Basel. 
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Trachoma Viruses Isolated in the United States.* 


4. Infectivity and Immunogenicity for Monkeys. 


(26515) 


CHANDLER Dawson, ERNEST JAWETZ, PHILLIPS THYGESON AND LAVELLE HANNA 


Francis I. Proctor Foundation for Research in Ophthalmology and Departments of Ophthalmology 
and Microbiology, University of California, Medical Center, San Francisco 


Monkeys and apes have been the only lab- 
oratory animals useful in trachoma research. 
Baboons and apes have been more susceptible 
to experimental infection than the lower pri- 
mates, but even in these animals the experi- 
mental disease, produced irregularly by trans- 
fer of conjunctival scrapings, has been equi- 
vocal—at best a mild follicular conjunctivitis 
without inclusions. The primate eye has 
shown more reaction to transfer of material 
from the closely related disease, inclusion 
conjunctivitis, developing an experimental dis- 
ease often acute in onset and more closely re- 
sembling the human disease(1). 

With egg-grown trachoma virus it became 
possible to produce regularly in rhesus and 
cynomolgus monkeys a clear-cut clinical dis- 
ease with an exudate presenting a characteris- 
tic cytologic picture and with inclusion bodies 
in the conjunctival epithelial cells. It was 
soon apparent that isolates differed in their 
pathogenicity for these monkeys, and we have 


* Supported by grants from Nat. Inst. Health, 
Burroughs, Wellcome Fd. and Res. Comm. of Univ. 
California. 


reported experiments on the qualitative as- 
pects of this difference as displayed by 2 
strains of trachoma virus isolated in the 
United States(2,3). This report deals with 
attempts to quantitate the infectivity of these 
strains and to induce resistance to challenge 
infection. 

Materials and methods. Viruses: Three 
strains of trachoma virus(4) and one strain 
of inclusion conjunctivitis virus(5) isolated in 
this laboratory were employed. Several yolk 
sac passage levels of each strain with the fol- 
lowing egg LDs5» titers (ELD; 9/ml) were 
used: Strain BOUR, YS3 to VYS12, 10+ to 
10°: ELD;9/ml; Strain ASGH, YS4 to YS8, 
10°85 to 10°* ELD; /ml; Strain APACHE 
#1, YS8, 10°* ELD;0/ml; Strain IC-Cal 1 of 
inclusion conjunctivitis virus, YS9, 10° 
ELD; 9/ml. Stock virus was prepared, stored 
and titrated as described(6). 


Monkey inoculations. For eye challenge, 
stock virus was diluted in skim milk. Small 
cotton swabs were soaked in the inoculum 
and rubbed back and forth 10 times in the 
upper and lower conjunctival fornices. An 
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estimated 0.1 ml of virus inoculum was thus 
placed onto the conjunctiva. For immuniza- 
tion, monkeys were used which had been in- 
fected in the past and had completely recov- 
ered, without any residual eye abnormalities. 
They were injected intramuscularly with 
50% suspensions of crude infected yolk sac 
in broth containing 10°? to 1074 ELD;,/ml. 
Three injections of 0.8, 1.6 and 2.0 ml were 
given at 6 to 7-day intervals. Eight days 
after the third injection the monkeys were 
challenged with a conjunctival inoculum of 
0.1 ml BOUR strain estimated to contain 
1077 ELD ;o/ml. 

Recording of observations. The animals’ 
eyes were examined at 2 to 4-day intervals 
with the aid of a focused bright light and a 
binocular loupe. The examiner washed his 
hands and flamed instruments after examin- 
ing each monkey. All examinations were 
made by 2 of us (C.D. and P.T.) without 
knowledge of the nature of the inoculum or 
previous treatment of the monkeys. For each 
eye examination the following conjunctival 
changes were recorded on a scale of O (ab- 
sent) to +-++-+- (maximal intensity): hyper- 
emia, discharge, infiltrate and lymphoid fol- 
licles. At most clinical examinations, con- 
junctival scrapings were taken with a plati- 
num spatula, smeared on a glass slide, stained 
by Giemsa’s method and studied for one-half 
hour each, to establish the cytologic picture 
and the presence of typical inclusion bodies. 


Scoring of results. To quantitate observa- 
tions and permit comparison of clinical im- 
pressions it was necessary to assign numeri- 
cal values to the recorded data. Of the sev- 
eral conjunctival changes resulting from tra- 
choma virus infection of the monkey eye, 
lymphoid follicles were the most suitable for 
quantitation. Their appearance, persistence, 
number and size could be estimated most ac- 
curately by different observers, and their de- 
velopment was highly specific for trachoma- 
inclusion conjunctivitis virus infection. To 
minimize inevitable subjective variation in 
the evaluations by the different observers on 
different days, the 3 highest follicle scores for 
both eyes of each monkey during 21 days of 
inoculation were pooled. By this method, 
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TABLE I. Dose-Infeetivity Relationship of 2 
Strains of Trachoma Virus in Cynomolgus Mon- 


keys. 
No. monkeys positive/No. inoculated 
BOUR ASGH 
strain Inelusion strain Inclusion 
Titer, clinical positive clinical positive 
ELD,;/ml disease smears disease smears 
OBS 6 r0} , B76 6/6 5/6 
Mie ye 3/8 4/5 1/5 
Qj 2/2 272 5/5 4/5 
103-* 4/4 4/4 2/2 0/2 
Qe 4/5 3/5 9/2 0/2 
os 2/2 1/2 


the highest total score obtainable was 18 (3 
plus & 2 eyes < 3 observations). Values of 
Chi square were calculated using a modifica- 
tion for small numbers which gives more 
conservative values(7). 


Results. Infectivity: The largest num- 
ber of monkey infections were carried out with 
2 strains of trachoma virus, BOUR and 
ASGH. The former was isolated from an 
acute initial infection in California, the lat- 
ter from a Pakistani with a relapse of chronic 
trachoma. The infectivity of these 2 strains 
for cynomolgus monkey eyes is shown in 
Table I. On the basis of egg infectivity it can 
be seen that strain BOUR produces clinical 
disease more regularly and in higher dilution 
than strain ASGH. This strain difference is 
emphasized by the regular and abundant 
presence of inclusions in BOUR infections 
and their irregular and sporadic occurrence 
in ASGH infections. The infectivity of 
BOUR for cynomolgus eyes appears to be 
similar to that for embryonated eggs, as 10°4 
ELD; (10!4 ELDs59/ml) produced clinical 
“monkey trachoma” in 2 of 2 inoculated ani- 
mals and inclusions in one of them. The data 
in Table I do not permit estimation of a 
“minimal infective dose” of either strain for 
the monkey eye in terms of egg infectivity. 
However, it is apparent that the average 
minimal “inclusion producing dose” is about 
10°-5 ELD; of BOUR and more than 10*-° 
ELD;» for ASGH. 

Severity of infection. Initial observations 
suggested that strain BOUR was not only 
able to infect monkey eyes with a smaller 
inoculum than ASGH but also produced regu- 
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EXPERIMENTAL INFECTION OF CYNOMOLGUS MONKEY 
WITH TRACHOMA VIRUS GROWN IN EMBRYONATED EGGS 


ASGH STRAIN equr STRAIN 
104 


INOCULUM 1061 E1D S0/mi. E1D 50/ml. 


PURULENT 
DISCHARGE 


CONJUNCTIVAL 
HYPEREMIA 


CONJUNCTIVAL 
INFILTRATE 


FOLLICULAR 
HYPERTROPHY 


INCLUSION 
BODIES 
viRUS 
REISOLATED 
DAYS © 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 B5 90 95100104 
FIG. 1. Different clinical intensity of eye disease 
resulting from 2 strains of trachoma virus in the 
same monkey. 
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larly a more severe and prolonged disease of 
the eye. This strain difference is illustrated 
in Fig. 1, which shows the relatively mild dis- 
ease caused by ASGH followed by a much 
more intense disease caused by BOUR, in 
spite of the smaller challenge inoculum em- 
ployed with the latter strain. To substanti- 
ate this impression, follicle scores obtained 
for all rhesus and cynomolgus monkeys in- 
fected with comparable infective doses of 
these 2 strains are compared in Table IIA. 
By an arbitrary division of scores it was evi- 
dent that 10 of 13 BOUR infections were 
above the half-maximum score, whereas only 
2 of 19 ASGH infections fell into that range. 

Repeated conjunctival infection. We have 
described elsewhere(2) that monkeys can be 
reinfected with the same or a different strain 
of trachoma virus when signs of the initial in- 
fection have subsided. Three such consecu- 
tive infections do not appear to modify re- 
sponse to subsequent challenge. In one at- 
tempt to superinfect during the active phase 
of experimental trachoma 2 monkeys were 
inoculated on the conjunctiva with 10°" 
ELD;, BOUR virus within 4 weeks after 


TABLE II. Follicle Scores as Index of Severity of 
Infection with Trachoma Viruses. 


Seore 
0-9 10-18 Chi? te 
A. Diff. between strains 
BOUR ST ioe eee 
ASGH 7 shake ee 
B. Effect of immunization 
Control ] 5.61 02 


Immunized 10 0) 


* No. of monkeys in score category; see text for 
details of experiments. 


their inoculation. The animal originally in- 
fected with ASGH, however, developed 
additional disease manifestations with nu- 
merous inclusions. The suggestion that 
some degree of “infection-immunity” might 
be engendered by the homologous but not the 
heterologous strain will have to be confirmed 
in larger numbers of monkeys. 
Effects of parenteral virus administration. 
In a group of 14 rhesus monkeys we at- 
tempted to determine whether repeated large 
intramuscular doses of live trachoma virus 
could modify the course of subsequent eye in- 
fection. As described above, 10 monkeys re- 
ceived between 10% and 10° ELDs;» of live 
virus of different strains intramuscularly in 
3 weekly injections. Four additional monkeys 
were kept as controls. Eight days after last 
intramuscular injection all animals were chal- 
lenged with a conjunctival inoculum of 101+ 
ELD; strain BOUR (107+ ELD;./ml). The 
results are presented in Tables IIB and III. 


TABLE III. Effect of Immunization on Rhesus 
Monkeys to Challenge with 10'* ELD, BOUR 


Virus (10?* ELD,,/ml). 
No. infee- Inclusion 
Immunizing ted/No. positive Mean fol- 
strain challenged smears licle scores 
Control 4/4 4 11.5 
BOUR 4/4 1 5.0 
ASGH 2/2 1 8.25 
APACHE #1 2/2 1 8.0 
IC Call 2/2 0 5.25 
All challenged monkeys manifested some 


signs of infection, but immunized animals 
had less clinical activity and few developed 
inclusion bodies. The follicle scores of im- 
munized monkeys were significantly lower 
(p = 0.02) than those of controls. The de- 
tails of the experiment (Table III) indicate 
that only 3 of 10 immunized animals, but all 
4 controls, developed demonstrable inclusions, 
suggesting some limitation of viral multipli- 
cation in the immunized animals. The aver- 
age follicle score for monkeys immunized with 
any one of 3 strains of trachoma virus 
(BOUR ASGH, APACHE #1) and one 
strain of inclusion conjunctivitis virus (IC 
Cal 1) was lower than for the controls. The 
most marked reduction in average follicle 
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score applied to monkeys immunized with 
BOUR or IC Cal 1. However, numbers are 
too small to permit interpretation. 


Discussion. The results presented here 
confirm the impression(2) that rhesus and 
cynomolgus monkeys may serve as useful al- 
ternative hosts for study of viruses of the 
trachoma-inclusion conjunctivitis group. In 
contrast to the highly variable results ob- 
tained with direct “tissue transfer” of con- 
junctival scrapings from human trachoma to 
the monkey eye(1), the inoculation of egg- 
grown viruses resulted in predictable and re- 
producible disease. There was a general cor- 
relation between amount of virus in the in- 
oculum (expressed as ELD; /ml) and rap- 
idity of onset of the disease as well as inten- 
sity of clinical signs (hyperemia, discharge, 
infiltrate and number and size of follicles). 
However, with increasing dilution of viral in- 
oculum, clinical signs were less well defined. 
Thus the number of ELD; 9 constituting a 
minimum “monkey infective dose” could not 
be accurately estimated on the basis of clini- 
cal signs alone. 

The more severe the experimental monkey 
trachoma infection, the greater was the num- 
ber of inclusion bodies found in conjunctival 
scrapings. While the microscopic search for 
inclusion bodies is tedious and time consum- 
ing, it lends a measure of objectivity to the 
other criteria of monkey infection. By such 
combined assessment it could be unequivo- 
cally determined that in terms of ELDs» 
strain BOUR was at least 100 times more in- 
fectious for monkeys than strain ASGH, 2.e., 
100 times more ASGH virus was required to 
produce a clinical “take” in monkeys with in- 
clusions. 

By the “follicle score’ method proposed 
here, differences in severity of infection may 
be quantitated with some confidence. Why 
BOUR should regularly produce a more se- 
vere disease in monkeys than ASGH, how- 
ever, remains uncertain. Strains isolated in 
China(8), Saudi Arabia(9), Gambia(10), 
and Taiwan(11) tend to produce a mild dis- 
ease akin to that produced with ASGH. The 
patient from whom the BOUR strain was iso- 
lated in California had no known contact with 


trachomatous persons, but did develop cor- 
neal changes and a pannus entirely typical 
of trachoma. The greater virulence of mon- 
key infection with BOUR virus is a remark- 
able strain characteristic, since in the past, 
viruses of inclusion conjunctivitis have caused 
a more severe disease of monkey eyes than 
trachoma. The BOUR strain appears to oc- 
cupy a unique position in the trachoma-in- 
clusion conjunctivitis group which requires 
further study. 

Like trachoma in humans, experimental 
trachoma in monkeys did not give rise to 
demonstrable resistance of the eye to reinfec- 
tion with the same or a different strain of 
virus. Very large amounts of virus injected 
repeatedly intramuscularly did alter the clin- 
cal response significantly, suggesting that sys- 
temic “immunity” may at times play a role. 
We have not yet attempted to measure ‘‘spe- 
cies-specific” antibodies(12) in these monkeys 
and cannot comment on their possible role. 
It will be of interest to examine the effect of 
parenteral virus administration on the char- 
acteristic extended clinical disease and the 
protracted presence of the virus in the hu- 
man conjunctiva. 

Summary. Three strains of trachoma virus 
and one strain of inclusion conjunctivitis vi- 
rus isolated in the United States gave repro- 
ducible disease upon inoculation into eyes of 
rhesus or cynomolgus monkeys. Among sev- 
eral clinical criteria follicle scores were most 
suitable for quantitation of eye disease, and 
microscopic demonstration of inclusions in 
conjunctival scrapings served as additional 
criterion of infection. Significant differences 
were demonstrated in the infectivity of 2 
strains for the monkey eye. Repeated eye 
infection failed to modify the response to re- 
infection. Repeated parenteral administra- 
tion of live virus in large quantities signifi- 
cantly diminished disease from subsequent 
challenge infection but failed to induce solid 
immunity. 
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480. 
serum antibodies. 133. 
human, oral mucosa, cultivation. 757. 
Sodium 22, kinetics, excretion rates. 514. 
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Sterol biosynthesis, rat skin. 576. 
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Tranquilizers, MSH release. 88. 
Triiodothyronine-1!31, radiopurity, T-3 test. 684. 
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